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@ Substituted Isoquinolintsulfonyt compounds. 

© An isoquinotinesulfonyl compound represented by the 
formula (I): 

,3 

.4 




tor, cerebral circulation ameliorator, antihypertensive agent 
and drugs for prevention and treatment of various circulato- 
ry organ diseases. 



wherein 

: H. CI, OH 

A : unsubstituted or substituted ethylene or alkylene 

R^ R': H, alkyl, jointly forming unsubstituted or substitu- 
ted ethylene or trimethylene 

R* : H, alkyl amidino or an acid salt thereof. 

They can be prepared, for example, by converting 1-R' 
substituted-5-isoquinolinesulfonlc acid to the corresponding 
sulfonyl chloride and subsequently reacting the chloride with 
a compound of formula 

R' R'- 

HN-A*N-R^. They can be advantageously utilized as vasodila- 
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This invention relates to substituted isoquinol- 
inesulfonyl compounds. More particularly, this inven- 
tion is concerned with isoquinolinesulfonyl compounds 
which are a novel compound that affects the smooth 
5 muscle of a mammal, thereby being a valuable drug such 

*^as vasodilator, cerebral circulation ameliorator, 
antihypertensive agent and drugs for prevention and 
treatment of angina, cerebrovascular thrombosis, 
hypertonia, arteriosclerosis, cerebral apoplexy and 
10 other circulatory organ diseases. 

Known in the art are compounds which are useful 
to treat circulatory organ diseases and which are 
represented by the following formulae: 



15 



20 



25 




(disclosed in U.S. Patent No. 4,525,589) 
SO,N<^/ 




(disclosed in the above-mentioned patent) 




(disclosed in the above-mentioned patent) 
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02NH-(CH2)„-CH-(CH2)^-n/ 12 




11 



(disclosed in the above-mentioiied patent) 



SOjNH-B-NH-^ 

■ 2 




(disclosed in Japanese Parent Application 
Laid-open Specification No. 59-93054/1984). 

in the above formulae, represents an alkyl group, 

an aryl group, an aralkyl group, a benzoyl group, a 

cinnamyl group, a furoyl group or a group of the 

formula : 



-CH2-CH-/ 




OR 



in which r'' represents a low molecular alkyl 



group. 



r6 and r'' each independently represent a hydrogen atom 

6 7 

or a low molecular alkyl group, or R and R are 
directly or through the medium of an oxygen atom or a 
nitrogen atom bonded with each other, thereby forming 
a heterocyclic ring with an adjacent nitrogen atom. 
r8 represents a hydrogen atom or an alkyl group having 
1 to 10 carbon atoms. R^ represents a group selected 



- 3 - 



018737.1 



from alkyl, aryl and aralkyl groups each having 1 to 
10 carbon atoms. represents a hydrogen atom or a 

group selected from alkyl and aryl groups having 1 to 
10 carbon atoms. R^'' and R^^ each independently 
represent a hydrogen atom or a group selected from 
alkyl, aryl and aralkyl groups each having 1 to 1 0 
carbon atoms, on r''^ and R^^ ^re directly or through 
the medium of an oxygen atom bonded with each other, 
thereby forming a heterocyclic ring with an adjacent 
nitrogen atom. Symbols u and v each independently 
represent an integer of 0 to 9. B represents an 
alkylene group having n carbon atoms substituted with 
m groups selected from alkyl, aryl and aralkyl groups 
having 1 to 1 0 carbon atoms, in which n is a positive 
integer not greater then. 10 and m is an integer of 0 
to 2 X n. 

However, there is still a strong demand in the art 
for a more effective drug which can be advantageously 
utilized as vasodilator, cerebral circulation amelio- 
rator, antihypertensive agent and drugs for prevention 
and treatment of angina, cerebrovascular thrombosis, 
hypertonia, arteriosclerosis, cerebral apoplexy and 
other circulatory organ diseases. This is especially 
so in the current aging society in which the number of 
aged people is increasing. 
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we have made extensive and intensive studies on 
various compounds, especially isoquinolinesulfonyl 
„oiety-containing compounds, and their activities 
against such diseases. As a result, it has unexpec- 
tedly been found that novel, specifically substituted 
isoquinolinesulfonyl compounds are capable of increas- 
ing the diameter of a blood vessel and hence are 
useful to prevent and treat the above-mentioned 
diseases. Moreover, it has unexpectedly been found 
that they are useful to prevent and treat the delayed 
cerebral vasospasm occurring after the subarachnoid 
hemorrhage in humans. As far as the inventors' know- 
ledge extends, there has not been any drug which can 
prevent or treat the delayed cerebral vasospasm 
occurring after the subarachnoid* hemorrhage in 
humans. Based on these novel findings, we have 
completed this invention. 

It is, therefore, an object of the present inven- 
tion to provide a novel species of substituted 
isoquinolinesulfonyl compounds which are capable of 
increasing the diameter of a blood vessel and hence 
can be advantageously utilized as vasodilator, 
cerebral circulation ameliorator, antihypertensive 
agent and drugs for prevention and treatment of 
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angina, cerebrovascular thrombosis, hypertonia, 
arteriosclerosis, cerebral apoplexy, the delay d 
•cerebral vasaspasm occurring after the subarachnoid 
hemorrhage in human, and other circulatory organ 
diseases* 

' The fpregoing and other objects,- Jgeatures and 

.A 

advantages of the present invention will be apparent 
to those skilled in the art from the following 
detailed description and appended claims. 

According to the present invention, there is 
provided an isoquinolinesulf onyl compound represented 
by the formula (I): 




wherein R represents a hydrogen atom, a chlorine atom 

or a hydroxy 1 group; and 

when represents a hydrogen atom, 

A represents an ethylene group unsubstituted 
or substituted with an alkyl group having 1 to 6 
carbon atoms, a phenyl group or a benzyl group, 
R^ and R^ are directly bonded with each 
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15 



20 



Other, thereby forming a trimethylen group 
unsiibstituted of substituted vith an alkyl' group* 
having 1 to 6 carbon atoms, a phenyl group or a 
benzyl group, and 

' - ji4 represents a hj^drogreA atojn or an alkyl 
group having 1 to 6 carbon atoms; and 

when r1 represents a chlorine atom or a hydroxyl 

group, 

A represents an alkylene group having 2 to 6 
carbon atoms, said group being unsubstituted or 
substituted with an alkyl group having 1 to 6 

carbon atoms, 

r2 and are not bonded with each other and 
each independently represent a hydrogen atom or 
an alkyl group having 1 to 6 carbon atoms, or 
and r3 are directly bonded with each other, 
thereby forming an ethylene group unsubstituted 
or substituted with an alkyl group having 1 to 6 
carbon atoms or a trimethylene group unsubsti- 
tuted or substituted with an alkyl group having 1 
to 6 carbon atoms, and 

r4 represents a hydrogen atom, an alkyl 
group having 1 to 6 carbon atoms or an amidino 
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group; 

or an acid salt thereof. 

With respect jbo the above-mentioned alkyl groups, 
they may be a straight chain group or a branched chain 

..group,. - r. ^ 

Examples of the isoquinolinesulfonyl compound 
represented by the formula (I) according to the 
present invention are as follows: 

(1 ) i-(5-isoquinolinesulfonyl)homopiperazine 

(2) 1-(5-isoquinolinesulfonyl)-2-methylhomopipera2ine 

(3) 1-(5-isoquinolinesulfonyl)-3-methylhomopiperazine 

(4) 1-(5-isoquinolinesulfonyl)-6-methylhomopiperazine 

(5) 1-(5-isoquinolinesulfonyl)-2,3-dimethylhomopipera- 

zine 

(6) 1-(5-isoquinolinesulfonyl)-3,3-dimethylhomopipera-: 
zine 

(7) l-(5-isoquinolinesulfonyl)-3-ethylhomopiperazine 

( 8 ) 1 -( 5-isoquinolinesulf onyl ) -3 -propylhomopiper az ine 
{ 9 ) 1 - ( 5-isoquinolinesulf onyl ) -3-isobutylhomopipera- 
zine 

(10) 1 -(5-isoquinolinesulfonyl)-3-phenylhomopiperazine 

(11 ) 1-(5-isoquinolinesulfonyl)-3-ben2ylhomopiperazine 

(12) 1 -{5-isoquinolinesulfonyl)-6-ethylhoraopiperazine 

(13) 1-(5-isoquinolinesulfonyl)*-6-propylhomopiperazine 

(14) 1 - ( 5-isoquinolinesulf onyl)-6-butylhomopiperazine 
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(15) 1 .(5-isoquinolinesulfonyl)-6-pentylhomopipera2ine 

(16) i.{5-isoqulh6linesulfonyl)-6-hexylhomopli,iBrazlne 

• (1 7) 1 ,(5-isoquinolinesulfonyl)-6-phenylhomopipera2ine 
(18)1 -(5-isoquinolinesulfonyl)-6-benzylhomopiperazine 
5 (19) i.(*S-isbialholihesulf6rxyl-)-4-methylh6ta6piperazine 

(20) 1 -(5-isoquinolinesulfonyl)-4-ethylhomopiperazine 

(21) i-(5-isoquinolinesulfonyl)-4-propylhomopiperazine 

(22) 1 -(5-isoquinolinesulf onyl)-4-butylhomopiperazine 

(23) 1 .(S-isoquinolinesulfonyl)-4-hexylhomopiperazine 
LO (24) N-(2-aminoethyl)-1-chloro-5-isoquinolinesulfon- 

amide 

(25) N-(4-aminobuthyl)-1-chloro-5-isoquinolinesulfon- 

amide 

(26) N-(2.ainino-1 -methylethyl)-1 -chloro-5-isoquinol- 

15 inesulfonamide 

(27) N-(l -aminomethylpentyD-l ^chloro-5-isoquinol- 

inesulfonamide 

(28) N-(2-amino-3-methylbutyl).1 -chloro-5-isoquinol- 
inesulfonamide 

20 (29) N-(3-di-n-butylaminopropyl)-1-chloro-5-isoquinol- 

inesulfonamide 

(30) N-I2-(N-cyclohexyl-N-inethylamino)ethyll-1-chloro- 
S-isoquinolinesulfonamide 

(31 ) N-(2-guanidinoethyl)-1-chloro-5-isoquinolinesul- 
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fonamide 

( 32 ) N- ( 4 -guanldinQbutyl)-! -chloro-5-isoquinolinesul- 
fonamlde 

(33) N-(2-guaiiidino-1 -niethylethyl)-1 -chloro-5- 
Isoquinolinesulfonamlde 

> ( 34) N-(1 -guanidinomethylpestyl)-! -chloro-5-isoquinol 
inesulfonamide 

(35) N-(2-guanidino-3-niethylbutyl)-1 -chloro-5- 
isoquinolinesulfonamide 

(36) N-(3-guanidino-2-niethylpropyl)-l-chloro-5- 
isoquinolinesulfonamide 

(37) N-(4-guanidino-3-methylbutyl)-1 -chloro-5- 
isoquinolinesulfonamide 

(38) * 1-(1-chloro-5-isoquinolinesulfonyl)-3-methyl- 
piperazine 

(39) 1-(1 -chloro-5-isoquinolinesulfonyl)-3-ethyl- 
piperazine 

(40) l-(1-chl6ro-5-isoquinolinesulfonyl)-3-isobutyl- 
piperazine . 

(41 ) 1-{1 -chloro-5-isoquinolinesulfonyl)-2,5-dimethyl 
piperazine 

(42) 1 - ( 1 -chloro-5-isoquinolinesulf ony 1 ) -4-methyl- 
piperazine 

(43) 1 - ( 1 -chloro-S-isoquinolinesulf onyl ) -4-amidino- 
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(44) 1 -(1-chloro-5-isoquinolinesulfonyl)-4-amidino- 
homjopipei^azine 

(45) 1 -(1-chloro-5-isoquinolinesulfonyl)-4-amidino-2- 
methylpiperazine 

(46) i-(l-chloro-5-isoquinolinesulfonyl)-4-amidino- 
2 , 5-dlroethylpiperazine 

(47) N-(2-aminoethyl)-1 -hydroxy-S-isoquinolinesulfon- 
ainlde 

(48) N-(4-aminobutyl)-1 -hydroxy-S-isoquinolinesulfon- 
amide 

(49) N-(2-amino-1 -methylethyl) -1 -hydroxy-5-isoquinol- 
inesul f onamide 

(50) N-(1 -aminomethylpentyl)-1 -liydroxyl-5-isoquinol- 
inesulf onamide 

(51 ) N-(2-aniino-3-methylbutyl)-1 -hydroxy-5-isoquinol- 
inesulf onamide 

(52) N-(3-di-n-butylaniinopropyl)-1-hydroxy-5-isoquinol- 
inesulfonaunide 

(53) N-l2-(N-cyclohexyl-N-niethylamino)ethyll-1- 
hydroxy-5-isoguinolinesulf onamide 

(54) N-(2-guanidinoethyl)-1 -hydroxy-5-isoquinolinesul- 
f onamide 

(55) N-(4-guanidinobutyl)-1 -hydroxy-5-isoquinolinesul- 

fonamide 
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{56) N- ( 2 -guanid ino- 1 - methy le thy 1 ) - 1 -hyd r oxy - 5 - 
Isoguinollnesulfonamlde 

(57) N-(1 -guanidinoraethylpentjl)-1 -hydroxy~5- 
isoquinolinesulfonamide 
5 ( 5 8 ) N - ( 2-guanidino-3 -methy Ibutyl ) -1 -hydroxy-5 - 

isoquinolinesulfonamide 

(59) N-(3-guanidino-2-methylpropyl)-1 -hydroxy-5- 
isoquinolinesulfonamide 

(60) N-(3-guanidino-3-methylbutyl)-1 -hydroxy-5- 
10 isoquinolinesulfonamide 

(61 ) 1 -(1-hydroxy-5-isoqui^oli^esulfonyl)-3-methyl- 
piperazine 

(62) 1 -(1 -hydroxy-5-isoquinolinesulfonyl)-3-etyl- 
piperazine 

15 (63) 1 - (1 -hydroxy-5 -isoquinolinesulfonyl) -3 -isobutyl- 

piperazine 

(64) 1 -(1 -hydroxy-5-isoquinolinesuifonyl)-2,5- 
dimethy Ipiper a 2 ine 

(65) 1 -{1 -hydroxy-5-isoquinolinesulfonyl)-4-methyl- 
20 piperazine 

(66) 1 -(1 -hydroxy-5-isoquinolinesulfonyl)-4-amidino- 
piperazine 

(67) 1 -(1-hydroxy-5-isoquinolinesulfonyl)-4-amidino- 
homopiper az ine 

25 (68) 1 -(1-hydroxy-5-isoquinolinesulfonyl)-4-amidino-2- 
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methylpiperazine 

(69) 1 - ( 1 -hydroxy-3-iaoquinolinesulf 6nyl)-4-amidinp- 
2 , 5-dimethylpiperazine 

(70) N-(2-iaethylaminocthyl)-1 -chloro-5-isoquinol- 

5 inesulfonamide 

(71 ) N-(2-ethylarainoethyl)-1-chl6ro-5-isoquinol- 

inesulfonamide 

(72) N-(2-propylaininoethyl)-1-chloro-5-isoqulnol- 
inesulfonaimide 

.0 (73) N-(2-butylarainoethyl)-1-chloro-5-isoquinol- 

inesulfonamide 

(74) N-(2-hexylaminoethyl)-1 -chloro-5-isoquinol- 
inesulfonamide 

(75) 1 -(1 -chloro-5-isoquinolinesulfonyl)piperazine 

L5 (76) 1 -(l-.chloro-5-isoquinolinesulfonyl)homopiperazine 

(77) N-(2-iaethylaminoethyl)-1 -hydroxy-5-isoquinoline- 
sulfonamide 

( 78) N-( 2-ethylaminoethyl ) -1 -hydroxy-5-isoquinoline- 
sulfonamide 

20 (79) N-(2-propylaininoethyl)-1 -hydroxy-5-isoquinoline- 

sulfonamide 

(80) N-(2-butylaminoethyl)"1 -hydroxy-5-isoquinoline- 
sulfonamide 

( 81 ) N-(2-hexylaminoethyl)-1 -hydroxy-5-isoquinoline- 
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sulfonamide 

(82) 1 - ( 1 -hydroxy-5-isoquinolinesulfonyl)piperazine 

(83) 1 -d -hydroxy-5-isoqulnolinesulf onyDhorao- 
plperazlne 

According to the present invention, there is 
furfcher provided an acid salt of isoquinoline deriva- 
tives. The salt is an untoxic salt which is pharma- 
cologically accepted. As examples, there may be 
mentioned such inorganic acids as hydrochloric acid, 
hydrobromic acid, phosphoric acid and sulfuric acid 
and such organic acids as acetic acid, citric acid, 
tartaric acid, lactic acid, succinic acid, fumaric 
acid, raaleic acid and methanesulfonic acid* 

The compound of formula (I) according to the 
present invention may be prepared, for example, by the 
following methods, (a) to (e). 

(a) 



20 



25 




wherein R represents a hydrogen atom or a chlorine 
atom, and A, R^, r3 and R^ are as defined above. 
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Among the starting compounds represented by 
formula (iDr a compound in which is a hydrogen 
atom is a known compound disclosed in prior art publi- 
cations, but a compound in which is a chlorine 
atom, i.e., l-chloro-5-iso.quinolinesulfonic acid, is a 
new compound never disclosed in prior art publica- 
tions, which is prepared as follows. 

1 -chloroisoquinoline is dropwlse added to 2 to 
20, preferably 3 to 10, equivalent of forming sulfuric 
acid while cooling with ice to carry out a reaction at 
10 to 120 -C, preferably at 20 to 100 'C, for 4 to 24 
hours.' The reaction solution is poured on ice water 
to obtain a crystal of 1 -chloro-5-isoquinolinesulf onic 

acid. 

The conversion from the compound of formula (II) 
to sulf onyl chloride may be carried out by such known 
methods as a method where thionyl chloride is reacted 
with the compound of formula (II) in the presence of 
N,N-dimethylfolmamide and a method where phosphorous 
pentachoride is reacted with the compound of formula 
(II). 

AS the compound of formula (IV) to be used in 
this reaction, there may be mentioned homopiperazine, 
2-methylhomopiperazine, 2-ethylhomopiperazine, 2- 
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propylhomopiperazine, 2-butylhoraopipera2lne, 2-iso- 
butylhomopiperazlne, 2-phenylhomopipera2lne, 2-benzyl- 
homopiperazine, 1-methylhomoplperazine, l-ethylhomo- 
piperazine, 1 -propylhomopiperazlne, 1 -butylhomo- 
piperazine, 1 -iso-butylhomoplperazlne, 1 -hexylhoiao- 
piperazine^ 1 -phenylhomopiperazine, 1 -benzylhomo- 
pipeirazine, 6-methylhoraopiperazine^ 5-ethylhomopipera- 
zine, 6-propylhomopiperazine, 6-butylhomopiperazine, 
6-hexylhoraopiperazine, 6-benzylhomopiperazine, 2,3- 
dimethylhomopiperazine, 2,2-diraethyl-homopiperazine, 
4-inethylhomopiperazine, 4-ethylhomopiperazine, 4- 
propylhomopiperazine, 4-butylhomopiperazlne, 4-pentyl- 
homopiperazine, 2-hexylhoraopiperazine, piperazine, 1- 
raethylpiperazine, 2-inethylpiperazine, 2-ethylpipera- 
zine, 2-propylpiperazine, 2-butylpiperazine, 2- 
isobutylpiperazine, 2,3-dimethylpiperazine, 2,5- 
dimethylpiperazine, ethylenediamine, 1,2-diamino- 
ethane, 1 ,4-diaminobutane, 3,3-di-n-butylarainopropyl- 
amine, l-amidino-3-methylpiperazine, 3-guanidino-2- 
methylpropylamine, 4-guanidino-3-methylbutylamine, 1- 
amidinopiperazine, 1-amidinohomopiperazine, 1-amidino- 
2,5-dimethylpiperazine, etc. 

The reaction between the compound of formula 
(III) and the compound of formula (IV) can be carried 
out in the presence or absence of an acid acceptor. 



0167371 



Exemplary acid acceptors which can be employed include 
alkali metal compounds such a^ sodium bicarbonate, 
sodium hydroxide, sodium carbonate, sodium hydride, 
potassium carbonate, potassium hydroxide and sodium 
5 alkoxide such as sodium methoxide and sodium ethoxide; 

and organic tertiary amines such as pyridine, 
triethylamine and triethylenediamine. In general, 
this reaction is carried out in the presence of a 
reaction medium. Exemplary reaction media which can 
10 be employed include halogenated hydrocarbon such as 

chloroform, dichloromethane; alcohols such as 
methanol, ethanol and butanol; ethers such as tetra- 
hydrofuran and dioxane; N,N-dimethylformamide; 
dimethyl sulfoxide; acetonitrile; and water. The reac- 
is tion media may be used singly or in combination with 

one another. 

The amount of the compound of formula (IV) which 
can be employed is at least 1 mol and typically ranges 
from 1 to 20 mols, preferably from 1 to 10 mols per 
20 mol of the compound of formula (III). A more prefer- 

red amount of the compound of formula (IV) ranges from 
1 to 3 mols per mol of the compound of formula (III) 
when the acid acceptor is present, and from 2.5 to 5 
mols per mol of the compound of formula (III) when the 
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acid acceptor is absent. 

The amount of .the acid acceptor employed is 
preferably about 0.5 to about 10 equivalents and more 
preferably about 1 to 6 equivalents for each mbl of 
the compound of formula (IV). The reaction between 
the compound of formula (III) and the compound of 
formula (IV) can be carried out typically at a tempe- 
rature of from about -30 *€ to 120 •C and preferably 
from about -20 'C to 50 'C, 

The reaction time which can be employed is 
typically about 0.5 to 48 hours and preferably about 
0.5 to 6 hours. 

(b) The compound of formula (V): 

I I 

NH-A-N-X .(V) 

wherein R^, and A are as defined above, and X 
represents a protective group, is reacted with the 
compound of formula (III) to obtain the intermediate 
of formula (VI): 



0187371 



wherein R^, A and X are as defined above, and R** 
represents a hydrogen atom or a chlorine atom. The 
protective group of said intermediate is eliminated by 
a customary method to prepare the compound of formula 
(VII): 




(VII) 



wherein r"" represents a hydrogen atom or a chlorine 
atom, and R^, R^ and A are as defined above. 

As the protective group X, there may be mentioned 
formyl group, acetyl group, benzoyl group, benzyl- 
oxycarbonyl group, t-butoxycarbonyl group, etc. 

When the compound of formula (VI) is prepared, it 
is preferable to use an acid acceptor. As the acid 
acceptor, there may be used alkali metal compounds 
such as sodium hydrogenencarbonate, sodium carbonate, 
potassium carbonate and sodium hydroxide, and organic 
tertiary amines such as pyridine, trimethylamine, 
triethylamine. The amount of the acid acceptor to be 
used is preferably from 1 to 3 moles per mol of the 
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compound of formula (III). 

The amount of the compound of formula (vy to be 
used is preferably from 1 to 2 moles per mol of the 
compound of formula (III). Further , the reaction 
5 medium, the reaction temperature and the reaction time 

are preferably the same as those of (a). 

The protective group X may be eliminated from the 
compound of formula (VI) by various methods, all of 
which are known and customary methods. The method to 

10 be employed depends on the protective group X, That 

iS/ in the case of formyl group, acetyl group or 
benzoyl group, hydrolysis by an acid or a base may be 
employed; in the case of t-butoxycarbonyl group, 
hydrolysis by an acid may be employed; and in the case 

15 of benzyloxycarbonyl group, hydrolysis by an acid or 

reductive cleavage by the addition of hydrogen may be 
employed, 

(c) A compound represented by the formula (VII) 
in which represents a chlorine atom is reacted with 
20 a compound represented by the formula (VIII): 



CH-.-Y-Cr . HZ (VIII) 
^ ^NH2 



25 
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wherein Y represents an oxygen atom or a sulfur atom 
and HZ an acid residue, 

to obtain a cfimpound represented by the formula <IX): 
f f ^NH 

^ ^NH, 

^ (IX) 




ci. 



wherein R^, r3 and A are as defined above. 

As examples of the compound represented by the 
formula (VIII), there may be mentioned S-methyl- 
isothiourea sulfate, 0-methylisourea hydrochloride, O- 
methylisourea sulfate and the like. 

The reaction may be generally effected in the 
presence of a reaction medium. As examples of the 
reaction medium which may be preferably employed, 
there may be mentioned water or a mixture of water 
with an alkanol such as methanol or ethanol, aceto- 

nitrile or acetone. 

It is preferred that the compound represented by 
the formula (VIII) be used in an amount of 1.5 to 4 
times, by mole, the amount of the compound represented 
by the formula (VII). 

The reaction is preferably effected in an alka- 
line solution having a pH value of 9 or higher at 50 
to 100 'C for 1 to 4 hours. 



10 
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(d) 1 -chloro-5-lsogulnollnesulf onyl chloride is 

reacted with a compound represented by the formula 
(X): 



r2 

I 

H-N-A-OH (X) 



wherein and A are as defined above, to obtain a 
compound represented by the formula (XI): 



r2 



SO^NH-A-OH 




(XI) 

C£ 

wherein and A are as defined above. The thus 
15 obtained compound represented by the formula (XI) is 

then reacted with p-toluenesulfonyl chloride to obtain 
a compound represented by the formula (XII): 

:0^NH-A-0"S0^--^~^— CH^ 

(XII) 




wherein R^ and A are as defined above. Subsequentlyr 
the thus obtained compound represented by the formula 
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(XII) Is reacted with an amine represented by the 
formula (XIII): 



r3 



NH (XIII) 



10 wherein R-^ is as defined above and R represents an 

alkyl group having 1 to 4 carbon atoms or a hydrogen 
atom, 

to obtain a compound represented by the formula (XIV): 



15 




(XIV) 



C3. 

20 

wherein R^, R'^, R^^ and A are as defined above. 

The reaction of 1 -chloro-5-isoquinolinesulfonyl 
chloride with the compound represented by the formula 
(X) may be effected in substantially the same manner 
25 as described in the above method (b) with respect to 
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10 



15 



20 



the reaction of the compound represented by the 
formula (III) with the compound represented by the 
formula (V). 

The reaction of the compound represented by the 
formula (XI) with p-toluenesulfonyl chloride to obtain 
the compound represented by the formula (XII) may be 
effected according to a method described in L.F. 
Fleser and M. Fieser, "Reagents for Organic 
Synthesis", vol I, 1180 (1967). 

The reaction of the compound represented by the 
formula (XII) with the amine represented by the 
formula (XIII) may be effected in a reaction medium, 
e.g. an alkanol such as methanol or ethanol, a haloge- 
nated hydrocarbon such as methylene chloride, chloro- 
form, or an ether such as diethyl ether, dioxane or 
tetrahydrofuran. The reaction temperature is prefer- 
ably 10 -C to 70 'C. The reaction time is generally 
30 min to one day, 

.(e) A compound represented by the formula (XVI) 
is obtained by treating a compound represented by the 
formula (XV) which has been prepared by the above- 
mentioned method (a), (b), (c) or (d) with an inorga- 
nic acid. 
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r2 r3 r2 r3 




Inorganic acid 



(XV)- 




XXVI) 



wherein R^, R^, R* and A are as defined above. 

As examples of the inorganic acid, there may be 
mentioned hydrochloric acid, sulfuric acid and nitric 
acid. The concentration of the inorganic acid is 
preferably. 0.25 mol/liter to 1 0 mols/liter. The reac- 
tion is preferably effected at 50 'C to 100 'C for 2 
to 6 hours. 

The isoquinolinesulfonyl compound represented by 
the formula(I) and salt thereof with a pharmacologi- 
cally acceptable acid according to the present inven- 
tion can increase the diameter of a blood vessel, and 
have an excellent smooth muscle relaxation action for 
a blood vessel, an excellent flow volume increase 
action for blood and an antihypertensive action. 
Hence, they can be advantageously utilized as vasodi- 
lator, cerebral circulation ameliorator, antihyper- 
tensive agent and drugs for prevention and treatment 
of angina, cerebrovascular thrombosis, hypertonia, 
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arteriosclerosis, cerebral apoplexy, the delayed 
cerebral vasospasm occurring after the subarachnoid 
hemorrhage in humans, and the other circulatory organ 
diseases. The above-mentioned relaxation action for a 
blood vessel was confirmed by the relaxation of the 
mesenteric artery of a rabbit in accordance with the 
method described later. The above-mentioned flow 
volume increase action for blood was confirmed by the 
blood flow volume increase of dog's femoral and 
vertebral arteries in accordance with the method des- 
cribed later. The above-mentioned antihypertensive 
action was. confirmed by the indirect tail plethysmo- 
graphic method of systolic blood pressure after oral 
administration of test drugs using male spontaneously 
hypertensive rats in accordance with the method des- 
cribed later. The effects of the isoquinolinesulfonyl 
derivatives of this invention on a "two-hemorrhage" 
canine model of delayed cerebral vasospasm were 
examined. The method of inducing a cerebral vasospasm 
was the same as that reported by Varsos et al. 
(Journal of Neurosurgery, volume 58, pi 1-1 7, 1983). 
The intravenous administration of isoquinolinesulfonyl 
derivatives of this invention significantly reversed 
the experimental cerebral vasospasm. As far as is 
known, these isoquinolinesulfonyl derivatives are the 
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first drugs which can reverse "two-hemorrhage" 
cerebral vasospasm by its systemic use. The present 
findings demonstrate that the isoquinolinesulfonyl 
derivatives of this invention will prevent or reverse 
5 the cerebral vasospasm occurring after the subarach- 

noid hemorrhage in humans. 

Acute toxicity of the compounds of the present 
invention was determined according to the method given 
below, and the results are shown in Table 15. For 

10 example, 1 -(5-isoquinolinesulfonyl)homopiperazine and 

1 -( 1 -hydroxy-5-isoquinolinesulf onyl)homopipera2ine 
exhibited LD5Q values of 73.5 mg/kg and 145 mg/kg, 
respectively. It is known from the results that the 
acute toxicity of the compounds of the present inven- 

15 tion is satisfactorily low. 

Particularly, with respect to the relaxation 
action for a blood vessel, the compounds of the 
present invention have a high relaxation effect on 
smooth muscles. The effect will be demonstrated in 

20 Application Example 1 given hereinafter, using a 

spiral sample prepared from a mesenteric artery of a 
rabbit. For example, 1-(5-isoquinolinesulfonyl)- 
homopiperazine according to the present invention has 
a EDcA value, which indicates a concentration of the 
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compound at which 50 % relaxation is attained, of as 
low as 0.8 yM. This shows an excellent relaxation 
effect of the present compound on smooth muscles of 
blood vessels. 

Further, with respect to the increase effect on 
blood flow, the compounds of the present invention 
were intravenously administered to dogs, and change in 
blood flow was measured plethysmographically in Appli- 
cation Example 3, At a dosage of 0.3 mg/kg, 1-{5- 
isoguinolinesulfonyl)horaopiperazine elicited 48 % and 
1 60 % augmentation in the blood flows through femoral 
and vertebral arteries, respectively; and 
hy droxy- 5 -i soquino line sulf ony 1 ) horaopiperaz ine el icited 
30 % and 48 % augmentation in the blood flows through 
femoral and vertebral arteries, respectively* As is 
apparent from the results, the compounds of the 
present invention have a high increase effect on blood 
flow. 

The present invention, in still a further aspect, 
is directed to pharmaceutical compositions incorporat- 
ing a compound of the formula (1) hereof as an essen- 
tial active component in admixture with a pharmaceuti- 
cally acceptable non-toxic carrier. 

The compound of the present invention may be 
administered to humans orally or by intravenous Injec- 
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tion. The compound may b orally administered in an 
amount of 20 to 300 mg per day for an adult in 2 to 3 
administrations, and for a period of from 1 week to 2 
months daily. Both the daily dosage and the period of 
administration vary to some extent depending on the 
condition of the patient. Further, the compound of 
the present invention may preferably be administered 
intravenously for the prevention and treatment of the 
cerebral vasospasm occurring after the subarachnoid 
hemorrhage in humans, the treatment of the cerebral 
embolism in the acute stadium, etc. The compound may 
be dissolved in physiological salt solution and then 
administered in an amount of 10 to 100 mg per day for 
an adult over a period of 1 to 24 hours. The dosage 
and the administration time vary to some extent 
depending on the condition of the patient. 

Still further, the compound of the present inven- 
tion may be used in combination with other drugs for 
the treatment of respiratory diseases. Depending on 
the condition of the patient, the compound of the 
present invention may be used in , combination with, for 
example, a diuretic, an antihypertensive agent, a 0- 
blocker, a cerebral metabolism ameliorator, etc. 
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Effect of the compounds of the present invention 
were examined in the following Application examples 
according to the methods given below* 

1. Relaxation of Mesenteric Artery 

A rabbit of Japanese local variety weighing about 
3 kg was s\ibjected to blood-letting to death. Then, 
abdomen of the rabbit was dissected to pick up a 
mesenteric artery. According to the customary method, 
the artery was cut into a spiral having a width of 2 
mm and a length of 25 mm, and suspended in a 20-ml 
organ bath filled with Krebs-Henseleit nutrient solu- 
tion through which a mixture gas consisting of 95 % by 
volume of O2 and 5 % by volume of CO2 had been 
bxibbled. The free end of the suspended artery was 
connected to an isometric transducer (FD Pickup TB- 
91 2T, trade name of NIHON KODEN CO., LTD.) and tensed 
at a load of 15 g. Thus, the shrinkage and relaxation 
of the artery was ready to be measured as a load on 
the transducer. To the organ bath, KCl was added in 
an amount which makes the artery shrink at a half 
length that in 15 to 20 mM aqueous solution. Then, 
hydrochlorides of the compounds of the present inven- 
tion were added to the organ bath to observe relaxa- 
tion effect on the artery. Measurement was made of 
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concentrations of the hydrochloride (ED50) which 
attained 50 % of the complete relaxation. 

2. Reduction of Blood Pressure 

Male spontaneously hypertensive rats (SHR, Wister 
Kyoto) weighing 300 to 350 g were used. Systolic 
blood pressure was measured indirectly by the tail 
plethysmographic method in conscious SHR> just prior 
to, and 1, 2, 4 and 6 hours after oral administration 
of test drugs. Test drugs, dissolved in deionized 
water, were administered orally in a volume of 1 0 ml- 
solution/kg-rat. Reduction in systolic blood pressure 
(APf mmHg) was calculated by sxibstracting a systolic 
blood pressure after administration from that just 
prior to administration. 

3. Blood Flow Volume Increase of Femoral and 
Vertebral Arteries 

Mongrel dogs weighing 8 to 1 5 kg were put under 
anesthesia by intravenously administering pentobar- 
bital in a dosage of 35 mg/kg. A plethysmographic 
probe (manufactured and sold by NIHON KODEN CO., LTD.) 



10 



0187371 

was mounted on the femoral and vertebral arteries, and 
blood flow volume was measured by means of a electro- 
magnetic blood flowmeter (type:MF-27, manufactured and 
sold by NIHON KODEN CO., LTD.). Under these condi- 
tions, compounds of the present invention were intra- 
venously administered through a polyethylene tube 
inserted to a femoral veinlet, and change in blood 
flow volume was measured by means of the electro- 
magnetic blood flowmeter. 



Effect on a "Two-He morrhage" Canine Model nf 
Delayed Cerebral Vasospasm 

Mongrel dogs of either sex weighing 7 to 1 1 kg 
were used. All procedures were performed under 
15 anesthesia with sodium pentobarbital (20 to 30 mg/kg, 

intravenous administration) after premedication with 
ketamine hydrochloride (12 mg/kg, intramuscular 
administration) and spontaneous respiration through an 
endotracheal intubation. 
20 The method of inducing a "two-hemorrhage" canine 

model of subarachnoid hemorrhage was essentially the 
same as that reported by Varsos et al. (Journal of 
Neurosurgery, volume 58, p 11-17, 1983); two succes- 
sive administrations were effected, two days apart (on 
25 Day 1 and Day 3), of fresh autogenous blood into the 
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cistema magna. A control angiogram was taken by a 
direct puncture of . the vertebral artery on Day 1 
before the blood injection* The second angiogram was 
made to confirm the presence of a vasospasm on Day 7. 

On Day 7, after the occurrence of a chronic 
vasospasm was confirmed by the second angiogram, the 
compounds of the present invention were intrvenously 
infused from the femoral vein with a Harvard pump over 
a period of 30 minutes. Angiograms were taken from 
the initiation of the infusion. 

The diameter of the basilar artery was measured 
on the angiogram by means of a microdensitometer 
(SAKURA DENSITOMETER PD-7R). The effect on this 
cerebral vasospasm model of the compounds of the 
present invention was expressed as an increased 
percentage of the diameter after the infusion of the 
compounds of the present invention to that before the 
infusion. 

5. Acute Toxicity 

Using ddY male mice, acute toxicity of the 
compounds of the present invention was examined 
according to the method proposed by K. Takagi et al. 
{K. Takagi and H. Ozawa, "Experimental Techniques in 
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Pharmacology," p200-206 (I960), NAN2AND0 CO., LTD.). 

Reference Example 

To 1200 ml of thlonyl chloride were added 150 g 
of 5-isoquinolinesulfonic acid and 0.4 ml of N,N- 
diraethylformamide. Then, the resulting mixture was 
refluxed while heating at 80 to 85 for 3 hours, 
followed by removal of the thionyl chloride under 
reduced pressure. Subsequently, 300 ml of dichloro- 
methane was added to the reaction mixture to precipi- 
tate crystals. The precipitated crystals were sepa- 
rated by filtration, washed with 100- ml of dichloro- 
raethane, and then dried under reduced pressure to 
obtain 170 g of 5-isoquinolinesulfonyl chloride hydro- 
chloride. 

Example 1 

145 g of 1 -Chloroisoquinoline was dropwise added 
to 500 g of 60 % fuming sulfuric acid while cooling 
with ice. Then, the temperature was elevated to 80 •€ 
and the reaction was effected while stirring for 18 
hours. The obtained reaction mixture was added to 
1 kg of ice water, followed by stirring for 2 hours at 
5 ♦C to precipitate crystals. The thus obtained 
crystals were separated by filtration, washed with 
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100 ml of methanol and then with 1 00 ml of ether, and 
dried under reduced pressure to obtain 126 g of 1- 
chloro-5-isoquinolinesulfonic acid. The compound was 
analyzed to give the following data. 

Melting Point :>250 »C. 

IR absorption spectrum : 1640,1600,1330,1150. 

(cm-*') 

NMR spectrum (DjO) : 7.6-7. 9(1H), 8.0-8.7(4H). 

Example 2 

To 40 ml of thionyl chloride were added 2.93 g of 
1-chloro-5-isoquinolinesulfonic acid as obtained in 
Example 1 and 0.4 ml of N,N-dimethylforraamide. Then, 
the resulting mixture was refluxed while heating at 80 
to 85 'C for 2 hours, followed by removal of the 
thionyl chloride under reduced pressure. Subse- 
quently, 10 ml of dichloromethane was added to the 
reaction mixture to precipitate crystals, followed by 
separation of the crystals by filtration. The 
crystals thus obtained were washed with 10 ml of 
dichloromethane, and then dried under reduced pressure 
to obtain 3.06 g of 1 -chloro-5-isoquinolinesulf onyl 
chloride hydrochloride. The compound was analyzed to 
give the following data. 
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IR absorption spectrum : 1610,1500,1320,1160. 
(cm-1) 

NMR spectrum (DjO) : 7.6-7.9(lH), 8.0-8.7(4h). 

Mass spectrum (m/e) : 261, 263 

Example 3 

In 50 ml of ice water was dissolved 5.5 g of 5- 
isoquinolinesulfonyl chloride hydrochloride, as 
obtained in Reference Example, and the pH of the 
solution was adjusted to 6 with an aqueous sodium 
hydrogencarbonate saturated solution, followed by 
extraction with 100 ml of dichlororaethane. The 
dichloromethane layer was added drop wise to a 50 ml of 
dichlororaethane solution containing 5,0 g of homopipe- 
razine for 20 minutes while cooling with ice. The 
mixture was stirred at a temperature of 15 **C to 20 
for 2 hours, washed with water, and dried with an- 
hydrous magnesium sulfate. Then, the dichloromethane 
was removed under reduced pressure to obtain an oily 
residue. The thus obtained oily residue was subjected 
to .purification by the silica gel column chromato- 
graphy (Wacogel C-200, 200 g; solvent: chloroform), 
thereby to obtain 5.1 g of 1-(5-isoquinoline- 
sulfonyl)homopiperazine, i.e., compound (1), in a 88 % 
yield. Compound (1) was analyzed to give the follow- 
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ing data. 

IR absorption spectrum (cm"''): 3320,1620,1330,1150. 
NMR spectrum (CDCJlg-DCjl) : 2.1-2.7(2H), 3.6-4.2{8H) 

7.6-7.9(1H), 8.1-8.8(4H) 

9.3(1H). 

Substantially the same procedures as described 
above were repeated except that each of the compounds 
of the formula (IV) as set forth in Table 1-1 was used 
in place of homopiperazine used above and that other 
reaction conditions were changed as indicated in Table 
1-1. As a result, there were obtained 1 -(5-isoquino- 
linesulf onyl ) -3-methylhomopiperaz ine , i . e . , Compound 
(3); 1 -(5-isoquinolinesulfonyl)-6-methylhoraopipera- 
zine, i.e., Compound (4); 1 -(5-isoquinolinesulf onyl) - 
2, 3-dimethylhoraopiperazine, i.e., Compound (5); 1-(5- 
isoquinolinesulf onyl ) -3 , 3-dimethylhoraopiperazine , 
i.e., Compound (6);1 -(5-isoquinolinesulfonyl)-3-ethyl- 
homopiperazine,i.e.,Corapound (7); 1-(5-isoquinoline- 
sul f ony 1 ) - 3 - i s obu ty Ihomopiperaz ine , i.e. , Compound { 9 ) ; 
1-(5-isoquinolinesulfonyl)-3-phenylhoraopiperazine, 
i.e., Compound (10); 1 -(5-isoquinolinesulfonyl)-6- 
ethylhomopiperazine, i.e., Compound (12); 1-(5- 
isoquinolinesulfonyl)-6-propylhomopiperazine, i.e.. 
Compound (13); 1 - ( 5-isoquinolinesulf onyl ) -6-hexy Ihomo- 
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pipera2ine,l.e.. Compound (16); 1 -(5-isoquinolinesul- 
fonyl)-6-benzylhomopipera2ine,i.e.^ Compound (18). 
The yields and analytical values of these compounds 
are shown in Table 1-2, 

5 

Example 4 

In 50 ml of ice water was dissolved 5.5 g of 5- 
isoquinolinesulfonyl chloride hydrochloride as 
obtained in Reference Example, and the pH of the 

10 solution was adjusted to 6 with an aqueous sodium 

hydrogencarbonate saturated solution, followed by 
extraction with 100 ml of dichlorom.ethane. The 
dichlororaethane layer was added dropwise to a 50 ml of 
dichlororaethane solution containing 6.0 g of 1-ben- 

15 zyloxycarbonyl-3.mefchylhoraopiperazine and 3.5 g of 

triethylamine for 1 hour while cooling with ice. The 
mixture was stirred at a temperature of 5 'C to 15 'C 
for 12 hours, washed with water, and dried with anhy- 
drous magnesium sulfate. Then, the dichloromethane 

20 was removed under reduced pressure to obtain an oily 

residue. To the thus obtained oily residue was added 
30 ml of a 25 % hydrobromic acid solution in acetic 
acid, and the mixture was stirred for 5 hours at a 
temperature of 1 5 to 20 •C and then poured into 

25 100 ml of ice water. The pH of the aqueous layer was 
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Table 1-1 



I 

Run i 
No. 


j-Isoquinoline- 
sulfonyl 
:hloride 
hydrochloride (g) 


Compound (IV) 

(g) 


Reaction 
temperature 


Reaction 
time 
(hr) 


3-1 


2.77 


2-inethylhonio- 3.42 
piperazine 


10-15 


2 


3-2 


2.77 


6-methy Ihomo- 3.42 
piperazine 


10-15 


2 


3-3 


2.77 


2,3-diinethyl- 3.84 
homopiperazine 


10-15 


2 


3-4 


2.77 


2 , 2-diinethyl- 3.84 
homopiperazine 


10-15 


10 


3-5 


2.77 


2-ethy Ihomo- 3 . 84 
piperazine 


10-15 


10 


3-6 


2.77 


2-isobuty Ihomo- 3 . 12 
piperazine 


15-20 


10 


3-7 


2.77 


2-pheny Ihomo- 3.52 
piperazine 


15-20 


15 


3-8 


1.38 


6-ethylhomo- 3.84 
piperazine 


15-20 


15 


3-9 


1.38 


6-propylhomo- 4.26 
piperazine 


10-20 


15 


3-10 


1.38 


6-hexylhomo- 5.52 
piperazine 


10-20 


15 


3-13 


1.38 


6-benzylhomo- 5 . 70 
piperazine 


10-20 


15 
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adjusted to 10 with a 5N aqueous sodium hydroxide 
solution, followed by extraction with chloroform. The 
chloroform layer was washed with water and dried with 
anhydrous magnesium sulfate. Then the chloroform was 
distilled off under reduced pressure to obtain an oily 
residue. The oily residue thus obtained was subjected 
to purification by the silica gen column chromato- 
graphy (Wacogel C-200, 200 g; solvent: a 3 % methanol 
solution in chloroform), thereby to obtain 3.38 g of 
1 -{5-isoquinolinesulf onyl) -2-methylhomopiperazine, 
i.e.. Compound (2), in a 58 % yield. Analytical data 
on Compound (2) are given below. 
Mass spectrijm (ra/e): 305 

IR absorption spectrum (cm"''): 3320,1620,1330,1150. 

NMR spectrum (CDC£3-DC£): 1.0-1.2{3H), 2.0-2.8{2H), 

3.6-4.2(7H), 7.6-7.9(1H), 
8.1-8.8(4H), 9.3(1H). 

Example 5 

In 1 0 ml of ice water was dissolved 1.38 g of 5- 
isoguinolinesulfonyl chloride hydrochloride as 
obtained in Reference Example. Then, the pH of the 
solution was adjusted to 6 with an aqueous sodium 
hydrogencarbonate solution, followed by extraction 
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with 30 ml of dichloromethane. The dichloromethane 
layer was added dropwise to a 20 ml of dichloromethane 
solution containing 0.85 g of 1 -methylhomopiperazine 
and 1.0 g of triethylamine while cooling with ice. 
5 The mixture was stirred at a temperature of 10 'C to 

20 •€ for 2 hours, washed with water, and dried with 
anhydrous magnesium sulfate. Then, the dichloro- 
methane was removed under reduced pressure to obtain 
an oily residue. The thus obtained oily residue was 

10 subjected to purification by the silica gel column 

chromatography (Wacpgel C-200, 80 g; solvent: a 3 % 
methanol solution in chloroform), thereby to obtain 
1.25 g of 1 -(5-isoquinolinesulfonyl)-4-methyl- 
homopiperazine, i.e., Compound (19), in a 86 % yield. 

15 Analytical data on Compound (19) are given below. 

Mass spectrum (m/e): 305 

IR absorption spectrum (cra"^): 1630,1340,1140. 
NMR spectrum (CDC£3-DCJl) : 2.0-2.8(5H), 3.6-4. 2{8H), 

7.6-7.9{1H), 8.1-8.8{4H), 
20 9.3{1H). 

Substantially the same procedures as described 
above were repeated except that each of the compounds 
of the formula (IV) as set forth in Table 2-1 was used 
in place of 1 -methylhomopiperazine used above and that 
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other reaction conditions were changed as indicated in 
Table 2-1 • As a result, there were obtained 1-(5- 
i soquinolinesulf onyl ) -4-ethy Ihomoplperazine r i • ® • # 
Compound (20); 1 -(5-isoquinolinesulf 9nyl)-4-butylhorao- 
5 piperazine, i.e., Compound (22); 1 -(5-isoquinolinesul- 

f onyl ) -4 -hexylhomopiperaz ine, i. , Compound (23). The 
yields and analytical values of these compounds are 
shown in Table 2-2. 

10 Example 6 . - 

5 g of 1 -( 5-is6quinolinesulfonyl)h6mbpiperazine 
(Corapound(T)) as prepared in substantially the same 
manner as in Example 3 was dissolved in 40 ml of 
methanol, and the pH of the solution was adjusted to 6 
15 with IN hydrochloric acid. Then- the solution was 

condensed under reduced pressure to obtain a crystal- 
line residue. The' crystalline residuei thus obtained 
was recrystallized f rom* methahol-eth^r to obtain 1-(5- 
isoquinolinfesulfonyl)horaopipera2ih6 hydrochloride. 
20 Analytical data on this compound are given below. 

Melting point: 213-215 •C. 
Elemental analysis (%) 

(Calculated) C: 51.29, H: 5.53, N: 12.82 
(Found) C: 51.50, H: 5.88, N: 12.90 

25 

Substantially the same procedures were repeated 
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Table 2-1 



I5- 

5"" sulfonyl 
'chloride 
i hydrochloride 


Compound (IV) 

(g) 


Triethyl- 
amine 

(g) 


Reaction 
temperature 


Reaction 
time 
(hr) 


5-1 


1.0 (g) 


1-ethylhomo- 0.70 
piper azine 


0.73 


10-20 


3 


5-2 


1.0 


1-butylhomo- 0.85 
piperazine 


0.73 


10-20 


3 


5-3 


1.0 


l-hexylhomo- 1.0 
piperazine 


0.73 


10-20 


3 



Table 2-2 



i Run 
j No. 


Obtained 
Compound 


Yield 


|Mass 
spectrum 

(TTI/P) 


IR absorption 

spectrum, _i 
(cm •'■) 


NMR spectrum 
(CDjOD-DCi) 


i 5-1 

j 

i 


(20) 


1.02 g 
(84 %) 


319 

■ 


1630 . 

1350 

1150 


0.9-1.2(3H), 2.1-2.8 
(2H), 3.4-4.2 (lOH) , 
7.6-7.9 (IH) , 8.1-8.8 
(4H) , 9.3(1H) 


5-2 


(22) 


1.04 g 
(79 %) 


347 


1620 
1330 
1150 


0.8-1. 0(3H), 1.0-4.2 
(16H), 7.6-7.9 (IH), 
8.1-8.8(4H), 9.3(1H) 


5-3 


(23) 


1.1 g| 375 
(77 %) ! 

1 1 


1620 
1330 
1150 


0.8-1.0(3H), 1.0-2.2 
(lOH), 3.0-4.2 (lOH) , 
7.6-7.9(lH), 8.1-8.8 
(4H), 9.3 (IH) 
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except that the starting compounds as indicated in 
Table 3 were used in place of Compound (1) used above, 
thereby to obtain hydrochlorides of respective start- 
ing compounds. 

Elemental analysis data on the thus obtaining 
hydrochlorides are shown in Table 3. 

Example 7 

To 40 ml of thionyl chloride were added 2.93 g of 
1 -chloro-5-isoquinolinesulfonic acid as obtained in 
Example 1 and 0-.4 ml of N,N-dimethylf ormamide. Then, 
the resulting mixture was refluxed while heating at 80 
to 85 *C for 2 hours, followed by removal of the 
thionyl chloride under reduced pressure to obtain a 
crystalline residue. The crystalline residue thus 
obtained was dissolved in a liquid consisting of 50 ml 
of water and 50 ml of dichloromethane, and the pH of 
the water layer was adjusted to 6.0 with an aqueous 
sodium hydrogencarbonate saturated solution. Then, 
the dichloromethane layer was added to a 50 ml of 
dichloromethane solution containing 2.40 g of ethyl- 
enediamine for 5 minutes while cooling with ice. 
Subsequently, the mixture was stirred for 2 hours at a 
temperature of 10 to 25 **C. Then the dichloro- 
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Table 3 



Starting 
Compound 


Elemental analysis (%) 


G 


H 


N 


(3) 


52.44 


6.12 


12.23 


(5) 


54.35 


6.45 


11.59 


■ (10) 


59.83 


5.70 


10.15 


(18) 


60.20 


5.85 


9.96 
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methane was distilled off under reduced pressure to 
obtain an oily residue. The oily residue thus 
obtained was subjected. to purification by the silica 
gel column chromatography (Wacogel C-200, 200 g; 
solvent: a 5 % methanol so J. ution* in chloroform)/ 
thereby to obtain 2,48 g of N-(2-arainoethyl)-1 -chloro- 
5-isoquinolinesuifonamide, i.e., Compound (24), in a 
72 % yield. Analytical data on Compound (24) are 
given below. 

IR absorption spectrum (cm"^): 3350,1320,1210,1160. 

NMR spectrum •(pC£-D20): 2.49-3. 1(4H), 7.30-7.89 (1 H) , 

8.02-8.75(4H). 
Substantially the same procedures as described 
above were repeated except that each of the compounds 
of the formula (IV) as set forth in Table 4-1 was used 
in place of ethylenediamine used above and that other 
reaction conditions were changed as indicated in Table 
4-1. As a result, there were obtained N-(4-araino- 
butyl)-1 -chloro-5-isoquinolinesulfonamide, i.e.. 
Compound (25); 1 -(1 -chloro-5-isoquinolinesulf onyl)-3- 
methylpiperazine, i.e., Compound (38) ; 1 -(1 -chloro-5- 
isoquinolinesulfonyl) -3-ethylpiperazine, i.e. , Compound 
(39); 1-{1 -chloro-5-isoquinolinesulfonyl)-3-isobutyl- 
piperazine, i.e., Compound (40); 1-(1-chloro-5- 
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isoquinolinesulfonyl)-2^5-diinethylplperazine, i.e., 
Compound (41 ); -chloro-5-isoquinolinesulfonyl)-4- 
methylpiperazlne, i.e., Compound (42). Analytical 
values of these compounds are shown in Table 4-2. 

Example 8 

To 40 ml of thionyl chloride were added 2.93 g of 
1 -chloro-5-isoquinolinesulf onic acid as obtained in 
Example 1 and 0.4 ml of N,N-dimethylformamide. Then, 
the resulting mixture was refluxed while heating at 80 
to 85 'C for 2 hours, followed by removal of the 
thionyl chloride and N,N-dimethylformamide under 
reduced pressure to obtain a residue. Then, the 
residue was dissolved in 50 ml of water, and the pH of 
the aqueous solution was adjusted to 6.0 with an 
aqueous sodium hydrogencarbonate saturated solution, 
followed by extraction twice with 50 ml of dlchloro- 
methane. The dichloromethane layer was dried with 
anhydrous sodium sulfate. Then, the dichloromethane 
was removed under reduced pressure to obtain a reac- 
tion residue, and the residue was dissolved in 30 ml 
of tetrahydrofuran. The solution thus obtained was 
added to a 30 ml of aqueous solution containing 5.73 g 
of 1 -amidino-3-methylpiperazine. sulfate for 5 minutes 
while cooling with ice, followed by stirring for 1 
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Run 
No. 


l-Chloro'-5- 
isoquinoline- 
sulfohic acid 


Compotand (IV) 

• • •• (g) ' 


Reaction 
temperature 


Reaction 
time 
(hr) 


7-1 


2.44 (g) 


\ 1,2-di amino— . 2>7 
ethane 


) . 10.^20 . 




7-2 


2.44 


2-iiiethyl- 3.0 
. piperazine 


10-20 








piperazine 




9 


7-4 


2.44 


2-isobutyl- 5.7 
piperazine* 


10-20 


2 


7-5 


2.44 


2,5-dimethyl'^ 3.4 
piperazine 


10-20 


2 


7-6 


2.44 ' 


1-methyl- 5 . 0 
piper asrine- 


io-20 


2 



•■.V. 



.,. Table .4-2 



..Run 
"no. 


.Obtained 
Compound' 


IR spectrum 
(cra-1^ 


NMR spectrum 
(DjO-DCA, 6) 


7-1 


■(25) 


3350,' 1630 
1210, 1150 . 


i . 7-2 . 2 (4lif> , 2 .5-3:2-(4H) , 
7.3-7.9(lH), 7.9-8.8(4H) 


7-2 


(38) 


1610, 1360 
1150 ' ' 


1.1-1.3(3H), 3.6-4.2(7H), 
7 : B-"? -■ 9 (1H )■ , 8 :i- 8 . 3 ( 4 H ) 


7-3 


(3&) 


16i(),'-l35b 
1150 


•d.8-r.l(3H) , 1:3-1.6 {2H), 3.5-4.2 
(7H1, 7.5-7.8(lH), 8.1-8.3 (4H) 


7-4 


: . (40) 


1620, 1360 
1150 


0.9-1.0 (6H), 1.4-1.8 (3H), 3.4-4.1 
(7H)f' 7.6-7.9(lH) , 8*1-8.3 (4H) 


7-5 


(41) 


1620, 1360' 
1150 


1.0-1.3 (6H) ; 3.3-4. 5(6H) , 7.6-7.9 
(IH), 8.1-8.3(4H) 


7-6 


(42) 


1610, 1360 
1150 


2.4(3H), 3.3-4.2(8H), 7.6-7.9 
(IH), 8.1-8.4 (4H) 
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hour at a temperature of 10 •C to 25 ^C. Then the 
reaction mixture Was condensed under reduced pressure 
to obtain an oily residue. To the oily residue thus 
obtained was added 20 ml of 0,1 N hydrochloric acid, 
fallowed by stirring and filtration to obtain an 
aqueous solution. The pH of the aqueous solution was 
adjusted to 12.5 with a IN sodium hydroxide solution 
to precipitate crystals. The crystals were separated 
by filtration, washed with 20 ml of water, 20 ml of 
methanol and then 10 ml of ether, and dried under 
reduced pressure to obtain 3.00 g of 1 -(1 -chloro-5- 
isoquinolinesulfonyl)-4-amidino-2-methylplperazlne, 
i.e.. Compound (45), in a 68 % yield. Analytical data 
on Compound (45) are given below. 

IR absorption spectrvira (cm"^): 1690,1650,1240 
NMR spectrum (D20-DCJi): 1.4-1.7(3H), 3.5-4.3 

(7H), 7,6-7.9(lH), 
8.0-8.3{4H). 
Substantially the same procedures as described 
above were repeated except that each of the compounds 
of the formula (IV) as set forth in Table 5-1 was used 
in place of 1 -amidino-3-methylpiperazine sulfate used 
above and that other reaction conditions were changed 
as indicated in Table 5-1. As a result, there were 
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obtained N-{3-guanidino-2-methylpropyl)-1-chloro-5- 
Isoquinolinesulfonamide, i.e.. Compound (36); N-(4- 
guanidino-3-methylbutyl) -1 -chloro-5-isoquinoline- 
sulfonamide, i.e.. Compound (37); 1-(1-chloro-5- 
isoquinolinesulfonyl)-4-amidinopiperazine/ i.e.. 
Compound (43); 1-(1-chloro-5-isoquinolinesulfonyl)-4- 
amidinohomopiperazine, i.e.. Compound (44); 1-(1- 
chloro-5-isoquinolinesulf onyl ) -4-amidino-2 , 5-dimethyl- 
piperazine, i.e.. Compound (46). The yield and analy- 
tical values of these compounds are shown in Table 5- 
2. 

Example 9 

To 50 ml ot thionyl chloride were added 5.86 g of 
1 -chloro-5-isoguinolinesulf onic acid as obtained in 
Example 1 and 0.5 ml of N,N-dimethylformaraide. Then, 
the resulting mixture was refluxed while heating at 80 
to 85 'C for 2 hours, followed by removal of the 
thionyl chloride and N,N-dimethylformaraide under 
reduced pressure to obtain a residue. The thus 
obtained residue was dissolved in 50 ml of water, and 
the pH of the aqueous solution was adjusted to 6.0 
with an aqueous sodium hydrogencarbonate saturated 
solution, followed by extraction twice with 50 ml of 
dichloromethane. The dichloromethane layer was added 
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Table 5-1 



Run 
No. 


l-Chloro-5- 

i.soaui.noli.ne— 
sulfonic acid 


Compound (IV) • 
1/2 Sulfate 

(g) 


Reaction 
Temperature 
CC) 


Reaction 
time 
(hr) 


8-1 


2.44 


3-Guanidino-2- 
methylpropyl 5 . 4 
amine 


20-30 


1 


8-2 


2.44 


4-Guanidino- 
3-methyl- 6 . 0 
butylamine 


20-30 


1 


8-3 


2.44 


1-Amidino- 5 ^ 
piperazine 


20-30 


3 


8-4 


2.44 


1-Amidinohomo- 5 g 
piperazine 


20-30 


3 


8-5 


2.44 


l-7Unidino-2 , 5- 
dimethyl- 6.2 
piperazine 


20-30 


3 



Table 5-2 



Run 
NO. 


Obtained 
Compound 


Yield 


IR spectrum 
(cm-1) 


UKR spectrum 
(D20-DCi) 


8-1 


(36) 


2.7 g 
76 % 


1650, 1360 
1150 


1.2- 1.4(3H), 1.8-4.2(5H) 

7.3- 7.9(lH), 7.9-8.8(4H) 


8-2 


(37) 


2.6 g 
71 % 


1640, 1360 
1150 


1.2-1.9(6H), 3.6-4.4(4H) 
7.6-7.9(lH), 8.1-8.3(4H) 


8-3 


(43) 


2.9 g 
83 % 


1640, 1350 
1150 


3.6-4.5(8H), 7.6-7.9(lH) 
8.1-8.3(4H) 


8-4 


(44) 


3.0 g 
81 % 


1650, 1360 
1150 


2.1-2.7{2H), 3.6-4.4(8H) 
7.6-7.9(lH), 8.1-8.4(4H) 


8-5 


(46) 


2.8 g 
74 % 


1640, 1335 
1150 


1.1-1.5(6H), 3.3-4.6(6H) 
7.5-8.0(lH), 8.1-8.3(4H) 



- 52 - 



0187371 



to a 50 ml of dichloromethane solution containing 
7.31 g of 1-benzyloxycarbonylamino-2*Taminopropane and 
3.03 g of. triethylaraine for 5 minutes while cooling 
with ice, followed by stirring for t hour at a tempe- 
rature of .10 •€ to 20 •C. The reaction mixture thus 
obtained was washed twice with diluted hydrochloric 
acid (pH 3),. dried with anhydrous sodium sulfate and 
then distilled under reduced pressure to obtain an 
oily residue (Compound of thejfprmula (VI)). To the 
oily residue thus obtained were added 150 ml of 
methanol and 0.5 g of 5 % palladium-charcoal, followed 
by stirring for 5 hours at a temperature of 1 5 'C to 
25 under a hydrogen atmosphere(40 psi) to effect 
reductive cleavage. The reaction mixture was fil- 
trated and the obtained filtrate was condensed under 
reduced pressure to obtain an oily residue. The oily, 
r6sidue thus obtained was suJbjected to purification by 
the silica gel column chrotoatography (Wacogel C-200, 
200 g; solvent: a 10 % methanol solution in chloro- 
form), thereby to obtain 4.86 g of N-(2-aminb-1 - 
methylethyl)-! -chloro-5-isoquinolinesulfonamide, i.e.. 
Compound (26), in a 68 % yield. Analytical data on 
Compound (26). are given .below. * ' 

IR absorption spectrum (cm-b: 3360, 1620, 1320, 
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1210, 1160. 

NMR spectrum (DCl-DjO): 1.2 - 1.5 OH), 3.4 - 4.4 
{3H), 7.30 - 7.89 (1H), 8.02 - 8.75 (4H). 

Substantially the same procedures as described 
above were repeated except that each of the compounds 
of the formula (V) as set forth in Table 6-1 was used 
in place of 1 -ben2yloxycarbonylainino-2-aminopropane 
and that other reaction conditions were changed as 
indicated in Table 6-1. As a result, there were 
obtained N-(1 -aminomethylpentyl)-1 -chloro-5-isoquinol- 
inesulfonamide, i.e., Compound (27); N-(2-araino-3- 
methylbutyl)-1 -chloro-5-isoquinolinesulf.onamide, i.e.. 
Compound (28). The yields and analytical values of 
these compounds are shown in Table 6-2. 

Example 10 

\ In 50 ml of water were dissolved 3.0 g of N-(2- 
amino-1 -methylethyl ) -1 -chloro-5-isoquinolinesulf on- 
amide (Compound (26)) as obtained in Example 9, 4.17 g 
of S-methylisothiourea sulfate and 1.2 g of sodium 
hydroxide. The resulting mixture was stirred for 2 
hours at a temperature of 60 "C, and then cooled in an 
ice bath to precipitate crystals, followed by separa- 
tion of the crystals by filtration. The crystalline 
residue thus obtained was washed with water to obtain 
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3.25 g of N--(2-guanidino-1-methylethyl)-1-chloro-5- . 
Isogulnollnesulfonamlde, i.e., Compound (33)^ In a 95 % 
yield* Analytical data on Compound (33) are given 
below. 

IR absorption spectrum (cm"^): 1690, 1640, 1320, 
1160. 

NMR spectrum (DCI-D2O); 1.4 - 1.9 (3H), 3.5 - 4.6 
(3H), 7.30 - 7.89 (IH), 8.02 - 8.75 (4H). 

Substantially the same procedures as described 
above were repeated except that each of the compounds 
of the formula (VII) obtained in Examples 7 and 9 as 
set forth in Table 7-1 was used as a starting compound 
in place of Compound (26) used above and that other 
reaction conditions were changed as indicated in Table 
7-1. As a result, there were obtained N-(2-guanidino- 
ethyl)-1 -chloro-5-isoguinolinesulfonamide, i.e., 
Compound (31 ); N-(4-guanidinobutyl)-1-chloro-5- 
isoquinolinesulfonamide, i.e.. Compound (32); N-(1- 
guanidinomethylpentyl) -1 -chloro-5-isoquinolinesulf on- 
amide, i.e., Compound (34); N-(2-guanidino-3-methyl- 
butyl ) -1 -chloro-5-isoquinolinesulf onamide, i.e.. 
Compound (35). The yields and analytical values of 
these compounds are shown in Table 7-2. 
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Table 7-1 



No. 


Starting 
Confound 


S-methyl- 
i so thiourea- 
sulfate (g) 


NaOH 

(g) 


Reaction 
temperature 
(*C) 


Reaction 
time 
(hr) 


10-1 


(24) 4.3 


6.5 


1.8 


60 


3 


10-2 


(25) 3.1 


4.5 


1.2 


60 


3 


10-3 


(27) 3.4 


4.5 


1.2 


80 


5 


10-4 


(28) 3.3 


4.5 


1.2 


80 


8 



Table 7-2 



Run 
No. 


Obtained 
Compound 


Yield 


IR spectrum 
(cm-1) 


NMR spectrum 
(DjO-DCA) 


10-1 


(31) 


4.4 g 
(90 %) 


1690, 1640 
1350, 1150 


2.6-3.8 (4H), 7.3-7.9 (IH) 
8.0-8.8 (4H) 


10-2 


(32) 


3.0 g 
(85 %) 


1630, 1360 
1150 


1.7-2.2(4H), 2.5-3.2(4H) 
7.3-7.5(lH), 7,9-8.8(4H) 


10-3 


(34) 


3.1 g 
(81 %) 


1640, 1360 
1150 


0.8-2.0(9H), 3.0-4.3(3H) 
7.3-7.5(lH), 7.9-8.8(4H) 


10-4 


(35) 


2.8 g 
(75 %) 


1630, 1360 
1150 


0.8-1,6 (7H), 3.1-4.2(3H) 
7.3-7.5(lH), 8.0-8.8(4H) 
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Example 11 

To 50 ml of thionyl chloride were added 5.85 g of 
1-chloro-5-lsoqulnolinesulfonlc acid as obtained in 
Example 1 and 0,5 ml of N,N-dimethylformamide. Then, 
5 the resulting mixture was refluxed while heating for 2 

hours, followed by removal of the thionyl chloride and 
N,N-dimethylformamide under reduced pressure to obtain 
a residue. Then, the residue was dissolved in 50 ml 
of water, and the pH of the aqueous solution was 
adjusted to 6.0 with an aqueous sodium hydrogencar- 
bonate saturated solution, followed by extraction 
twice with 50 ml of dichlororaethane. The dichloro- 
methane layer was added to a 50 ml of dichloromethane 
solution containing 1.84 g of ethanolamine and 3.03 g 

3^5 of triethylamine for 5 minutes while cooling with ice. 

Then, the mixture was stirred for 1 hour at a tempera- 
ture of 10 *C to 20 "C. The thus obtained reaction 
mixture was washed thrice with water, dried with an- 
hydrous sodium sulfate and then distilled under 

20 reduced pressure to obtain 5.04 g of N-(2-hydroxy- 

ethyl)-1-chloro-5-isoquinolinesulfonamide in a 96 % . 
yield. 

To 40 ml of a pyridine solution containing 2,63 g 
of . N-(2-hydroxyethyl)-1 -chloro-5-isoquinolinesulf on- 
25 amide as obtained above was added 3.81 g of p-toluene- 



- 58 - 



0187371 



sulfonyl chlorld while cooling with Ice. The s lu- 
tlon thus obtained was stirred for 24 hours at a 
temperature of 5 *C and poured Into 100 g of Ice water 
followed by extraction twice with 100 ml of dichloro- 
methane. The dichloromethane layer was dried with 
anhydrous sodium sulfate and condensed. under reduced 
pressure to obtain 4.32 g of N-(2-p-toluenesulfonyl- 
oxyethyl) -1 -chloro-5-isoquinollnesulf onamide. 

4 g of the thus obtained N-(2-p-toluenesulfonyl- 
bxyethyl)-1 -chloro-5-isoqxiinolinesulfonamide and 1 ml 
of a 40 % methylamine solution iii methanol were put in 
50 ml of dichloromethane and heated for 4 hours at 70 
•C in a sealed bottle. After cooling, the reaction 
mixture was condensed under reduced pressure to obtain 
an oily residue. The oily residue, thus obtained was 
subjected to purification fay the silica gel column 
chromatography (Wacogel C^200, 100 g; solvent: a 10 % 
methanol solution in chlorbfofm) to obtain 4.86 g of 
N-{ 2-methylzuainoethyl ) -1 -chlorb-5-isoquinolinesulf on- 
amide, i.e.. Compound (70)> in a 79 % yield. Analy- 
tical data on Compound (70) are given below. 

IR absorption spectrum (cm"^): 3350, 1620, 1320, 

1160. 

NMR spectrum (DCl-DjO): 3.1 (3H), 3.4 - 4.1 (4H), 
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7.3 - 7.7 (1H), 8.1 - 8.7 (4H). 

Example 12 

10 g of N-(2-aniinoethyl)-1-chloro-5-isoquinollne- 
sulfonaroide (Compound (24)) as obtained in Example 7 
was mixed with 100 ml of 6 N-hydrochloric acid, and 
the mixture was stirred for 6 hours at a temperature 
of 65 to precipitate crystals. The crystals were 
separated by filtration, washed with water and ethanol 
to obtain 8.94 g of N-(2-aminoethyl)-l -hydroxy-5- 
isoquinolinesulf onamide hydrochloride, i.e. , Compound 
(47), in a 84 % yield. Analytical data on Compound 
(47) are given below. 

IR absorption spectrum (cm"''): 3300, 1690, 1630, 

1160. 

NMR spectrum {CD3 SOCD3 + CD3OD): 2.8 - 3.3 (4H), 7.2 
- 8.8 (5H). 
Elemental analysis (%) 

(Calculated) C: 43.50, H: 4.65, N: 13.83 
(Found) C: 43.29, H: 4.90, N: 13.79. 

Substantially the same procedures were repeated 
except that the starting compounds of the formula (XV) 
as indicated in Table 8-1 were used in place of 
Compound (24) used above and that some other reaction 
conditions were changed as set forth in Table 8-1. As 
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a result, there were obtained N-{4-aminobutyl>-1 - 
hydroxy-5-isoqulnolinesulf oriamide; i.e., Compound 
( 48 ) ; N-( 2-ainino-1 -methylethyiy-1 -hydroxy-5-isoquinol- 
inesulfonamide, i.e.. Compound ( 49 ) y N^(l -amino 
methylpentyl ) -1 -hydroxy- 5-is6quinolinesulfonamide, 
i.e.. Compound (50); N-(2-araino-3^methylbutyl)-1- 
hydoxy-5-isoquinolinesiulf onamide, iie.^ Compound 
(51 ); N-(2-^anidirlio'ethyl>-1-hydroxy-5-isoquinolinesul- 
fonamide, i.e.. Compound (54); N-(4-guanidinobutyl)-1 - 
hydroxy-5-isoquindline^ulfonamide, i.e.. Compound 
(55); N-(2-guanidino-1 -methylethyl)-! -hydroxy-5- 
isoquinolinesulfonamide, i^ew. Compound (56); N-(1- 
guanidinomethylpentyl) -1 -hydroxy-5-isoquinblinesul- 
fonamide, i.e.. Compound (57); N-(2-guanidino-3- 
methylbutyl ) -1 -hydroxy-5-isoquinolinesulf onamide, 
i.e.. Compound (58); N-(3-^anidino-2-methylpropyl)-1 - 
hydroxy-5-isbquinolinesulf onamide, i.e.. Compound 
(59); N-(3-guanidino-3-methylbutyl)-1-hydroxy-5- 
isoquinolinesulfonamide, i.e. Compound (60); 1-(1- 
* hydroxy-5-isoquinolihesulf onyl ) -3-methylpiperazine, 
i.e. Compound (61 ); 1 -(1 -hydroxy-5-isoquinolinesul- 
fonyi)-3-ethylpiperazihe, i.e. ^ = Compound (62); 1-(1- 
hydroxy-5-isoquinoliiiesulfohyr)-3-isobutylpii?era2ine, 
i.e.. Compound (63); 1-(l-hydroxy-5-isoquinolinesul- 
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fonyl)-2^5-dimethylpiperazine, i.e.. Compound (64); 1- 
( 1 -hydroxy-5-isoquinolinesulf onyl ) -4-methylpipera2ine, 
i.e. Compound (65); 1-(1-hydroxy-5-isoquinolinesul- 
fonyl)-4-amidinopiperazine, i.e., Compound (66); 1-(1- 
hydroxy-5-isoquinolinesulf onyl ) -4-amidinohomopipera.- 
zine, i.e.. Compound (67); 1-(1 -hydroxy-S-isoguinol- 
inesulf onyl)-4-amidino-2-methylpiperazine, i.e.. 
Compound (68); 1 -(1 -hydroxy-5-isoquinolinesulf onyl)-4- 
amidino-2,5-dimethylpiperazine, i.e., Compound (69). 
The yields and analytical values of these compounds 
are shown in Table 8-2, 

Example 1 3 

To 50 ml of thionyl chloride were added 5.86 g of 
1-chloro-5-isoguinolinesulfonic acid as obtained in 
Example 1 and 0.5 ml of N,N-dimethylformamide. Then, 
the resulting mixture was refluxed while heating at 80 
to 85 'C for 2 hours, followed by removal of the 
thionyl chloride and N,N-dimethylformamide under 
reduced pressure to obtain a residue. The thus 
obtained residue was dissolved in 50 ml of water, and 
the pH of the aqueous solution was adjusted to 6.0 
with an aqueous sodium hydrogencarbonate saturated 
solution, followed by extraction twice with 50 ml of 
dichloromethane. The dichlororoethane layer was added 
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Table 8-1 



Run 
No. 


Starting 
Compound (XV) 


(9) 


6N-HCA 
(m£) 


Reaction 
temperature 
CO 


Reaction 
tine 
(hr) 


12-1 


(25) 


3.1 


30 


O A 
OU 


3 


12-2 


(26) 


3.0 


30 


.oU 




12-3 


(27) 


3.4 


30 


70 


3 


12-4 


(28) 


3*3 


30 


•7 A 

70 


c 
3 


12-5 


(31) 


3.3 


30 


Q A 

oO 




12-6 


(32) 


3.6 


30 


70 


5 


12-7 


(33) 


3.4 


30 


70 


10 


12-8 


(34) 


3.8 


30 


70 


1 A 

10 


12-9 


(35) 


3.7 


30 


70 


5 


12-10 


(36) 


3.6 


30 


80 


15 


12-11 


(37) 


3,7 


30 


80 


15 


12-12 


(38) 


3.3 


30 


70 


15 


12-13} (39) 


3.4 


30 


*> A 

70 


10 


12-14 


(40) 


7 7 


"^n 

o u 


70 


10 


12-15 


(41) 


3.4 


30 


70 

1 


10 


12-16 


(42) 


3.3 


30 


80 


5 


12-17 


(43) 


3.5 


30 


' 80 


10 


12-18 


(44) 


3.7 


30 


80 


5 


12-19 


(45) 


3.7 


30 


80 


5 


12-20 


(46) 


3.8 


30 


80 


5 
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Table 8-2 



Run ( 


Obtained 


Yield ■ 


Elemental analysis (%) 


No. ( 


Compound 


(g) 


(%) 


C 


H 


N 


12-1 


(48) 


2.7 


81 


47.11 


5.42 


12.38 


12-2 


(49) 


2.5 


78 


45.16 


5.13 


13.04 


12-3 


(50) 


3.0 


83 


49.87 


6.14 


11.71 


12-4 


(51) 


2.9 


85 


48.46 


5.67 


12.03 


12-5 


(54) 


2.9 


83 


41.56 


4.51 


20.06 


12-6 


(55) 


2.6 


71 


44.87 


5.15 


18.81 


12-7 


(56) 


2.8 


79 


43.21 


5.24 


19.61 


12-8 


(57) 


3.0 


75 


, 47.72 


6.02 


17.50 


12-9 


(58) 


|3.1 

1 


81 


46.32 


5.68 


18.01 


12-10 


(59) 

1 


3.7 


73 


i 44.93 


5.28 


18.50 


12-ll! (60) 


i 2.9 

1 


75 


46.21 


5.38 

1 


18.10 


12-12- (61) 


1 2.6 

! 


77 


48.91 


5.31 


12.31* 


1 12-13* (62) 


i 3.0 


85 


50.25 


5.72 


11.74 


12-14'; (63) 


1 

2.7 


71 


52.90 


6.03 


10.91 


12-15' (64) 


2.5 


70 


50.45 


5.81 


11.71 


12-1( 


5": (65) 


2.7 


79 


48.81 


5.03 


12.41 


12-1- 


J (66) 


2.6 


69 


45.00 


4.81 


18.72 


12-lJ 


3 (67) 


2.8 


73 


46.80 


5.12 


18.16 


12-1! 


3 (68) 


2.8 


74 


46.69 


5.32 


18.20 


12-2( 


3 (69) 


3.0 


75 


48.11 


5.68 


17.63 
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to 100 ml of a dichlororoethane solution, containing 6.1 
g of N-{2-aminoetliyl)-N-t-butoxycarbonylhexylamine and 

3.0 g of triethylamine for 20 minutes while cooling 
with ice. The thus obtained mixture was stirred for 1 

5 hour at a temperature of 15 to 20 'C. Then, the 

reaction mixture was washed twice with 50 ml of water, 
dried with anhydrous sodium sulfate and then distilled 
under reduced pressure to obtain an oily residue. To 
the oily residue thus obtained was added 1 0 ml of 

10 triflaoroacetic acid while cooling with ice, followed 
by stirring for 1 hour at a temperature of 1 5 *C to 20 

To the obtained reaction mixture was added 1 0 ml 
of ice water, and the pH of the aqueous solution was 
adjusted to 1 0 with 5 % aqueous sodium hydroxide 

15 solution, followed by extraction twice with 50 ml of 

dichloromethane. The dichloromethane layer was washed 
with water, dried with anhydrous sodium sulfate and 
then distilled under reduced pressure to obtain an 
oily residue. The thus obtained oily residue was 

20 subjected to purification by the silica gel column 

chromatography (Wacogel C-200, 100 g; solvent: a 3 % 
, methanol solution in chloroform), thereby to obtain 

6.1 g of N-(2-hexylami.noethyl)-1-chloro-5-isoquinol- 
inesulfonamide, i.e.. Compound (74), in a 81 % yield. 
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Analytical data on Compound (74) are given below. 

IR absorption spectrum <cm"^): 3400, 1330, 1160. 

NMR spectrum (DCI-D2O): 0.6 - 2.0 (11H), 2.4 - 3.5 

(6H) 7.5 - 8.0 (1H), 8.1 - 8.8 (4H). 

Substantially the same procedures as described 
above were repeated except that each of compounds of 
the formula (V) as set forth in Table 9-1 was used in 
place of N-(2-aminoethyl)-N-t-butoxycarbonylhexylamine 
and that other reaction conditions were changed as 
indicated in Table 9-1. As a result, there were 
obtained N-(2-ethylaminoethyl)-1 -chloro-5-isoquinol- 
inesulfonamide, i.e.. Compound (71); N-(2-propyl- 
aminoethyl)-1 -chloro-5-isoquinolinesulf onamide, i.e., 
Compound (72); N-(2-butylaminoethyl)-1 -chloro-5- 
isoguinolinesulf onamide, i.e.. Compound (73). The 
yields and analytical values of these compounds are 
shown in Table 9-2. 
* 

Example 1 4 

4 g of N-(2-hexylaminoethyl)-l-chloro-5- 
isoquinolinesulf onamide (Compound (74)) as obtained in 
Example 13 was mixed with 50 ml of 6 N-hydrochloric 
acid and the resulting mixture was stirred for 6 hours 
at a temperature of 65 'C. Then, the reaction mixture 
was allowed to cool for 2 hours to precipitate 



- 66 - 



018737.1 



c 








Q 
















«P M 






CO 








W B 
















ft! JJ 
























a 








C 4J 








O 


m 


in 


tn 


Vl O 


cs 


CM 




. 4J O o 


1 


1 


t 




0 


0 


0 


CM 


cs 


(N 




































Q 


0 


0 




CN 


04 


CM 










r ) 
























9 








'♦^ 








0 « 


tn 


in 


tn 


-HMO 


1-1 


•H 


iH 


4J Q) 0 


1 


1 


1 - 


U Ut 


0 




CD 








rH 


















i 


























in 


in 


in 




• 




• 


—H E ^ 


























M 


m 






• 


• 


• 


1 -w 






in 


4J 








> 1 
















0 n 








0 c( 










in 
X 


K 




0 s 


CM 


ro 




§• > 


U 


U 




0 
















CM 




tn 


n 




p: 


0: 


Pi 


1 








0) -H 








1 c 0 
















1 H 








000 


\o 


vo 


VD 




10 






0-H C CT 


• 


• 


« 




n 


n 


m 


J5 cr*w 








0 0 .H 








1 09 9 








H a 








C • 


1-4 


CM 




D 0 


1 


1 


1 


a: s 


n 


cn 


n 




H 


H 





s » 




X X 




10 ^ 


vo ^ 






*^ 








0 r* 


tn GO 


m CO 




• • 


• • 


• • 




^ 00 


' ^ 00 


^ CO 




1 1 




1 1 




in 0 


in 0 


in 0 


4J.0 


• • 


• • 




0 0 


CM 00 


01 00 


CM CO 


<D 1 








CUQ 








WO 
m 










X X 




oi 0 


CO r— 1 




rH 


X 0 










0 p*» 


0 r- 




« • 




• • 






CM 


CM r- 




1 1 


t 1 


1 t 




0 tn 


00 in 


CO in 




• • 


» • 






0 


0 r* 


0 




0 0 


0 0 


0 0 


1 


..-I m 


0 in 


0 vo 


M 


\o H 




\o iH 


4J — 


.-4 i-I 


*H iH 


f-4 


Oi-l 
0 1 

a E 








0 0 


0 0 


0 0 


CQ 0^ 


tn n 


0 ^ 


0 m 




m ro 


^ cn 


^ r> 






m iH • 


tn iH 


H 
























r-l 






00 in 


0) 




oTk 0 


-H 




• 00 


• r- 


>* 


tn ^ 


m 


m ^ 










01 c: 








c 9 












CM 


tn 




r» 




r- 


4J e 








*Q 0 








0 0 








c • 
0 0 




CM 


cn 


p: ^ 









- 67 - 



0187371 



crystals. The crystals were separated by filtration, 
and then recrystallized from ethanol to give 3J g of 
N- ( 2-hexylamlnoethyl ) -1 -hydroxy-5-isoquinolinesulf on- 
amide hydrochloride, i.e.. Compound (81), in a 74 % 
yield. Analytical data on Compound (81 ) are given 
below. 

IR absorption spectrum (cm"^): 3300, 1685, 1630, 
1160. 

NMR spectrum (Ddl-D20): 0.6 - 2.0 (11 H), 2.5 - 
4.0 (6H), 7.5 - 8.0 (1H), 8.0 - 9.0 (4H). 

Example 15 

To ,50 ml of thionyl chloride were added 5.85 g of 
1 -chloro-5-isoquinolinesulf onic acid as obtained in 
Example 1 and 0.5 ml of N,N-dimethylformamide. Then, 
the resulting mixture was ref luxed while heating at 80 
to 85 •C for 2 hours, followed by removal of the 
thionyl chloride and N,N-dimethylforraamide under 
reduced pressure to obtain a residue. The residue was 
dissolved in a liquid consisting of 20 ml of water and 
50 ml of dichloromethane, and the pH of the aqueous 
solution was adjusted to 6.0 with an aqueous sodium 
hydrogencarbonate saturated solution. Then, the 
dichloromethane layer was added to a 1 00 ml of a 
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diqhlororaethane solution containing 6,0 g of homo- 
piperazine for 20 minutes while cooling with ice, 
followed by stirring for 1 hour at a temperature of 15 
•C to 20 'C. The obtained reaction mixture was washed 
thrice with 50 ml of water, dried with anhydrous 
sodium sulfate and then distilled under reduced pres- 
sure to obtain oily residue. The thus obtained oily 
residue was subjected to purification by the silica 
gel column chromatography (Wacogel C-200, 150 g; 
solvent: a 5 % methanol solution in chloroform) , there- 
by to obtain 5.5 g of 1 -(1 -chloro-5-isoquinolinesul- 
fonyDhomopiperazine, i.e.. Compound (76), in a 84 % 
yield. Analytical data on Compound (76) are given 
below. 

IR absorption spectrum (cm"''): 3400, 1330, 1140. 

NMR spectrum ((CD3)2SO-CD30D): 1.7 - 2.3 

(2H), 3.1 - 3.7 (8H), 7.2 - 7.7 (1H), 7.7 - 8.8 (4H). 

Example 1 6 

Substantially the same procedures as in Example 
15 were repeated except that 5.16 g of piperazine was 
used in place of 6.0 g of homopiperazine. As a 
result, there was obtained 5.5 g of 1-(1 -chloro-5- 
isoquinolinesulfonyl) piperazine, i.e.. Compound (75) , 
in a 88 % yield. Analytical data on Compound (75) are 
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given below. 

IR absorption spectrum (cm"''): 3360, 1350, 1160, 
1140. 

NMR spectrum (003)280-00300): 2.8 - 3.8 (8H), 7.5 - 
8.0 (IH), 7.7 - 8.8 (4H). 

Exeunple 17 

9,7 g of 1-(1-chloro-5-isoquinolinesulfonyl)homo- 
piperazine (Compound (76)) as obtained in substan- 
tially the same manner as in Example 15 was mixed with 
100 ml of 6N hydrochloric acid, and the mixture was 
stirred for 6 hours at a temperature of 65 -C to 
precipitate crystals. Then, the crystals were sepa- 
rated by filtration, and washed with water and then 
ethanol to obtain 6.9 g of 1 -(1 -hydroxy-5-isoquinol- 
inesulfonyDhomopiperazine, i.e.. Compound (83), in a 
67 % yield. Analytical data on Compound (83) are 
given below. 

IR absorption spectrum (cm""'): 3300, 1690, 1630, 
1340, 1160. 

NMR spectrum (DCI-D26): 1.7 - 2.3 (2H), 3.1 - 3.7 
(8H), 7.2 - 7.7 (IH), 7.7 - 8.8 (4H). 
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Example 18 

In substantially the same manner as in the above 
Exarapler various compounds of the present invention 
were prepared. These compounds are 1-{5-isoquinol- 
inesulfonyl)-3-propylhomopiperazine, i.e.. Compound 
(8); l-(5-isoquinolinesulfonyl)-3-ben2ylhomopipera- 
2ine, i.e.. Compound (11); 1 -(5-isoquinolinesulfonyl) 
6-butylhomopiperazine, i.e.. Compound (14); 1-(5- 
isoquinolinesulfonyl)-6-pentylhomopiperazirie, i.e., 
Compound (1 5); 1-(5-isoquinoiinesulfonyl)-6-phenyl- 
homopiperazine, i.e.. Compound (17); 1 -(5-isoquinol- 
inesulfonyl ) -4-propy Ihomopiperazine, i.e. , Compound 
(21 ); N-(3-di-n-butylarainopropyl)-1 -chloro-5-- 
isoquinolinesulfonamide, i.e.. Compound (29); N-[2^(N 
cyclohexyl-N-methylamino) ethyl l-1-chlofo-5-isoquinol- 
inesulfonamide, i.e.. Compound (30); N-(3-di-n-butyl- 
aminopropyl) -1 -hydroxy-5-isoquinolinesulf onamide, 
i.e.. Compound (52); N-[2-(N-cyclohexyl-N-methyl- 
amino) ethyl ] -1 -hydroxy-5-isoquinolinesulf onamide, 
i.e.. Compound (53); N- ( 2 -methylaminoethyl)-1 -hydroxy 
5-isoquinolinesulf onamide,* i^.e.. Compound (77); N-(2- 
ethylaminoethyl) -1 -hydroxy-5-isoquinolinesulf onamide, 
i.e.. Compound (78); N-(2-propylaminoethyl)-1 -hydroxy 
5-isoquinolinesulfonamide, i.e.. Compound (79); N-(2- 
butylaminoethyl) -1 -hydroxy-5-isoquinolinesulf onamide. 
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i.e., Compound (80); 1 -(1 -hydroxy-S-isoquinolinesul- 
fonyDpiperazlne, i.e.. Compound (82). Of them. 
Compounds (8) to (17) were prepared in substantially 
the same manner as in Example 4, Compound (21) Example 
5/ Compounds (25-) and (30) Example 7, and Compounds 
(52) to (82) Example 17. 

Analytical data on thdse compounds are given in Tables 
10-1 and 10-2. 

Application Example 1 

Effect of the compounds of the present invention 
on relaxation of mesenteric artery was examined 
according to the method a3 mentioned hereinbefore. 
The obtained ED5Q values are shown in Table 11. 

Application Example 2 

Effect of the compounds of the present invention 
on reduction of blood pressure was examined according 
to the method as mentioned hereinbefore. The obtained 
maximally reduced blood pressures (^Pmax, mmHg) are 
shown in Tables 12-1 and 12-2. 

Application Example 3 

Effect of the compounds of the present invention 
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• Table-. IQrrX 



Obtained 
• Con^und 


IR spectjnna 
(cm . 


•J , X ■ NMR spectrum 
(n O-DCA) 


(8) 


3330, 1600 

n A t\ lie A. 

1340/ 1160 


0.5-3'.0(9H), 7.6-7,9(lH), 8.1-8.8 


(11) 


3330, 1620 
1330, 1150 


2.1-2.7(4HV. 3.6:-4.5(7a)r 7.2(5H), 
•7 QnT?^ 8 1-8. 8 (4H), 9.3 (IH) 


(14) 


3330, 1610 
1330, 1150 


0.7-3.0(10H), 3.6-4.4(8H), 7.6-7.9 


(15) 


3330, 1620 
1340, 1160 


0.7-3.3(12H), 3.5-4.5(8H), 7.6-7.9 
(IH), 8.1-8.8 (4H), 9.3 (IH) 




3330, 1600 
1340, 1150 


2.0-3.3 (IH) , i.-5-4 . 5 (8H) , 7 - 2 (5H) , 
7.6-7. 9(1H) , 8.1-8.8(4H), 9.3(1H) 


(21) 


3330, 1610 
1340, 1150 


. 0. 8-3. 0(7H) ,.. 3-3-4. 7(10H), 7.6-7.9 
(IH), 8.1-8:8 (4H) , 9.3 (IH) 


(29) 


3330, 1600 
1340, 1160 


0.7-3. 0(16H), 3.2-4.5(8H), 7.6-7.9 
(IH), 8.1-8.8 (4H).,.9,3(1H) 


(30) 


3330, 1600 
1340, 1150 


0.7-2.8(12H), 3.0(3H), 3.5-4.5 
(6H), 7.6-7.9 (IH), 8.1-8.8 (4H), 
9.3 (IH) 
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Obtained 
Compound 


Eleroental analysis (%) 


C 


H 


N 


(52) 


55.97 


7.66 


9.79 


(53) , 


54.98 


6.98 


10.20 


(77) 


45.53 


5.01 


13.20 


(78) 


47.18 


5.49 


12.50 


(79) 


48.65 


6.03 


12.06 


(80) 


50.21 


6.33 


11.55 


(82) 


47.44 


5.00 


12.75 
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Compound 1 


^50. 
(pM) 


2oinpo\ind- 1 
No. 


=°50 

luM) - 


Compound 
No. 


(yM) 


Compovmd 
No. 


^50 


(1) 


0.8 


(25) 


7 


(43) 


2 


(61) 




(2) 


4 


(26) 


4 


(44) 


4 1 


(62) 




(3) 


1.6 


(27) 


■4 . 


(45) 


3 1 (63) 




(4) 




1.6 


(28) 


10 


(46) 


5 II (64) 




(5) 


8 


(29) 


11 


(47) 


10 II (65) 


25 


(6) 


10 1 (30) 13 


(48) 


15 1 (66) 


4 


(7) 


6 


(31) 


2 


(49) 


14 j (67) 


6 


(9) 


4 


(32) 


4 


(50) 


7 II (68) 


9 


(10) 


12 1 (33) ; 4 


(51) 


20 1 (69) 8 


(12) 


3 1 (34) 


8 


(52) 


21 


1 (71) 


12 j 


(13) 


11 1 (35) 


8 


(53) 


17 


j (72) 


11 1 
1 


(16) 


12 1 (36) 


7 


1 '''' 


18 


1 (73) 1 8 


(18) 


10 j (37) 


11 j (55) 


13 


1 (74) 1 2 


(19) 


8 I (38) 


17 I (56) 


14 


1 (75) 


1 


(20) 


11 } (39) 


18 1 (57) 


11 ! (76) 


2 


(22) 


13 


(40) 


13 1 (58) 


15 ll (81) 1 6 


(23) 


12 


(41) 


14 1 (59) 


21 


(83) 


3 


(24) 


5 


(42) 


21 j (60) 


23 
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Table 12-1 



Compound 
No. 


Dosage - 
(mg/kg) 


^Pmax 
(mnHg) 


Craponnd 

No. 


Dosage 
(ngAg) 


(mnHg) 


^oa^ound 
Hp. 


Dosaga 
(mgAg) 


iioznEg) 


(1) 


100 


80 


(39) , 


100 


48 ' 


, (57) 


100 


38 


(3) 


N 


65 


(40) : 




51 


(58) 


m 


41 


(IS) 


N ■ 


43 


(41) 


- 


39 


(59) ; 


N 


52 


(24) 


50 


70 


(42) 


'it 


56 


(60) 


n 


61 


(25) 


100 


50 


(43) 


M 


32 


(61) 


It 


48 


(26) 


50 


53 


(44) 


N 


. 25 


(62) 


n 


36 


(27) 


ft 


45 


(45) : 


It 


37 


(63) 




48 


(28) 


m 


58 


(46) 


M 


41 


(64) 


« 


65 


(29) 


N 


43 


(47) 


50 


43 


(65) 


n 


53 


(30) 


M 


54 


(48) 


100 


51 


(66) 


n 


43 


(31) 


100 


40 


(49) 


50 


33 


(67) 


n 


44 


(32) 


' m 


38 


(50) . 


M 


- 28 


(68) 


If 


48 


(33) 


tt 


51 


(51) 


H 


71 


(69) 


M 


51 


(34) 


m 


45 


(52) 


•t 


65 


(74) 


« 


45 


(35) 


m 


33 • 


(53) 


n 


56 


(76) 


It 


60 


(36) 


n 


48 


.(54) 


100 


40 


1 (81) 


H 


54 


(37) 


» 


31 


(55) 


n 


38 


1 ^^^^ 


n 


42 


(38) 


n 


45 


(56) 


M 


45 
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Table 12-2 



Compound No. 


Dosage 
(mg/kg) 


^Pmait 
(mmHg) 


Comparative compoxind 
No. 1 (Note 1) 


100 


31 


Coir5)arative compound 
No. 2 (Note 2) 


M • 


li 


Comparative compound 
No. 3 (Note 3) 


n 


10 



Note 1: 



SOjNH (^2)2^^2 




Note 2: 



SO-N NH 



Note 3: 



CH. 



SO-N NH 
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on dilation of femoral and vertebral arteries was 
examined according to the method as mentioned 
hereiiibef ore. The results are'' sliown in Table 1 3^ 

5 Application ExfiLTOOle 4 

Effect of.the compound^ of the. present invention 
on a "two-hemorrhage" Canine '.model of delayed cerebral 
vesospasm was examined according to the method as 
mentioned hereinbefore. The results are shown in 
10 Table 14. 

Application Example 5 

Acute toxicity test of the compounds of the 
present invention was effected according to the method 
15 as mentioned hereinbefore. The results are shown in 
Table 1 5. 



1 
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Table 13 



Compoiind No. 



(1) 



Dosage 

(mgAg) 

0.3 



Increase in 
femoral artery 
blood flow 
(%) 

48 



Increase m 
vertebral artery 
blood flow 
(%) 

160 



(3) 



(18) 



(83) 



0.3 



0.3 



0.3 



Comparative 
Compound 
No. 2 
(Note) 



0.3 



35 
45 
30 



20 



69 



78 
110 
48 



36 



98 



Note: 




- 78 - 



01^7371 



Table 14 



Compound 
No. 


IDosage 
(migAgl 


Increase in diameter 
so'f basilar' artery (%) 


(1) 


1 


21' 


3 


33: 


10 


45 


(83) 


3 


19 


10 


20 
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Compound Ho.- 


LD-rt (mgAg) 


(1) 


73.5 


(3) 


120 


.(18) 


197 


(31) 


160 


(54) 


135 


(83) 




Comparative 

Compo\ind 

No. 2 (Note 1) 


29 


Comparative 

Compound 

No. 4 (Note 2) 


48 

1 



Note 1: 



SO-N NH 




N 



Note 2: 



.NH 

SOjNHCHjCHjNHCCnh 
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1. 



What is claimed is: 

1. An isoquinolinesulfonyl compound represented by the 
formula (I): 



I I 4 




(I) 



wherein represents a hydrogen atom, a chlorine atom or a 

hydroxy 1 group; and 

when r'' represents a hydrogen atom, 

A represents an ethylene group unsubstituted or 
substituted with an alky!* group having 1 to 6 carbon 
atoms, a phenyl group or a benzyl group, • 

r2 and R^ are directly bonded with each other, 
thereby forming a trimethylene group unsubstituted or 
substituted with an alkyl group having 1 to 6 carbon 
atoms, a phenyl group or a benzyl group, and 

R^ represents a hydrogen atom or an alkyl group 
having 1 to 6 carbon atoms; and 
when R^ represents a chlorine atom or a hydroxyl group, 

A represents an alkylene group having 2 to 6 carbon 
atoms, said group being unsubstituted or substituted 
with an alkyl group having 1 to 6 carbon atoms. 



r2 and are not bonded with each other and each 
independently represent a hydrogen atom or an alkyl 
group having 1 to 6 carbon atoms, or and R^ are 
directly bonded with each other, thereby forming an 
ethylene group unsubstituted or substituted with an 
alkyl group having 1 to 6 carbon atoms or a trimethylene 
group unsubstituted or substituted with an alkyl group 
having 1 to 6 carboK atoms, and 

R* represents a hydrogen atom, an alkyl group 
having 1 to 6 carboft atoms or an amidino group; 
or an acid salt thereof. 

2. A compound according to claim 1 , wherein r"" and R^ 
both represent a hydrogen atom. 

3. A compound according to claim 2, wherein A repre- 
sents an unsubstituted ethylene group, and R^ and R^ are 
directly bonded with each other, thereby forming an unsubsti- 
tuted trimethylene group. 

4. A compound according to claim 2, wherein A repre- 
sents an ethylene group substituted with an alkyl group 
having 1 to 6 carbon atoms or a phenyl group, and R and R 
are directly bended with each other, thereby forming an unsub- 
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stituted tr'imeithylene grou{>. ■■ r ; v.. ; 



'r i' t 



5. A compound 'According :to :cJ<aini: 2, v^her^in A repre- 
sents an un^ubstltuted ethylene groflp, . and ajid are 
diredtly bonded with each: other, thereby , for wing a tri- 
methylene group substituted .vith, an alkyJ.,s^ovp„. having 1 t 6 
carbon atoms or a benzyl group.:.'. . . 



" • 6. -A coiapound -acDording-.'feC! ^cj-aim 1, .wherein r"" repre- 
sents a hydrogen atom; A reprot^nt^ .en- unsubstituted ethylene 
group; R^ and R^ are directly bonded with each other, ther by 
forming ah substituted itrdmethyl^n^ ^group;.., and R* represents 
an alkyl having 1 to 6 '•.carbon atsoroe.^ jrr , . . 

• ' 7. A compound' according to. pl^im,,! , wherein r"" repre- 
sents a chlorine atora ;or a. hydrQxyl group,, and R^ represents 
a' hydrogen' atom- ■ " ' " ^ • t j •. , ?•>• :•- ; 

. ■.• ;i- i ■ • ■ 

3 4 

8, A compound according to claim 7, wherein R and R 
ioth represent a- hyatogeii atom, -an^.^A-i^epresents an alkylene 
group having 2 -to -4^t?ii?bon ^atotp,^, 3aid ,garoup being unsubsti- 
tuted or substituted^ with:ra TOethyl .group. .. . 

3 4 

9. A compound according to claim 7, wherein R and R 
each independently represent a hydrogen atom or an alkyl 
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group having 1 to 6 carbon atoms , and A represents an unsub- 
stituted ethylene group. 

10. A compound according to claim 9, wherein repre- 
'ffeijts a hydrogen atom, aiid^R^ represents an alkyl group' 

having 1 to 6 carbon atoms. 

11. A compound according to claim 7, wherein repre- 
sents a hydrogen atom; R^ represents an amidino group; and A 
represents an alkylene group having 2 to 6 carbon atoms, said 
group being unsubstituted or substituted with an alkyl group 
having 1 to 6 carbon atoms. 

12. A compound according to claim 1, wherein R^ repre- 
sents a chlorine atom or a hydroxy 1 group; A represents an 
ethylene group unsubstituted or substituted with 1 to 4 carbon 
atoms; R^ and R^ are directly bonded with each other, thereby 
forming an ethylene group unsubstituted or substituted with 
an alkyl group having 1 to 4 carbon atoms or a triraethylene 
group unsubstituted or substituted with an alkyl group having 

1 to 4 carbon atoms; and R^ represents a hydrogen atom, an 
alkyl group having 1 to 6 carbon atoms or an amidino group. 
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13. A compound according 'to claim 12, wherein A repre-, . 
sents an ethylene group unsubstituted or substituted with a 
methyl group; andjl^ are directly ^>prided with each other, 
thereby forming ah ethylehe* ^oiW unsvibstituted or substi- ^ - 
tuted with an alkyl group having 1 to 4 carbon atoms; and R* 
represents a hydrogen atom, . a methyl prpup or an amidino 
group. ; , , . ^ 

14. A compound according to, claim 12, wherein A repre- 
sents an unsubstituted ethylene group; and R^ are directly 
bonded with each other, thereby forming an unsubstituted 
trimethylene group; and R* represents, a. hydrogen s^tpm or an 
amidino group. . . 

, 15. A compound according. to claim 14, wherein R^ repre- 
sents: a. hydroxy 1- group, and R^ represents a hydrogen atom. 

16. 1 -Chloro-5-isoquinolinesulf onic, apid. 

17. 1 -Chloro-5-isoquinplinesulf onyl chloride or an acid 
salt thereof. 

18. A pharmaceutical composition comprising a compound 
of the formula (I) in claim 1 as an essential active compo- 
nent and a pharmac utically acceptable non-toxic carrier. 



